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21 films per joint are used on a single exposure technique covering all 
circumferential welds on site. 
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KODAK FFILM AT FFESTINIOG 


The Central Electricity Generating Board chooses sites 
for Power Stations carefully, turning the natural topography 
as much as possible, to good use. The Ffestiniog site for 
a new Power Station in Merioneth, North Wales, was ideal 
because Llyn Stwlan—a natural lake in the mountains— 
could be dammed to form an upper reservoir for the Power 
Station and the natural basin of the Afton Ystranu stream 
could form the lower reservoir. 

X-Ray Film for examining the circumferential butts on 
the thousands of feet of weld involved, on pipelines ranging 
between 6’-10" and 9’-6” diameter used at Ffestiniog, had 
to be chosen carefully, too. INSPECTION SERVICES LTD. 
of SUTTON, SURREY, cover the circumferential butt welds 
by 100°,., check, with spot checks of longitudinal butts, and 
throughout they are using Kodak Industrial X-Ray film. 


Write for details of 


Kodak industrial x-ray film 


Kodak Limited Industrial Sales Division, Kodak House, Kingsway, London W.C.2. 
“Kodok’ is a registered trade mark 
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Aluminium bronze alloys are being used increasingly in chemical and marine 
engineering, because of their strength and corrosion resistance. Fortunately, 
advances in welding techniques have eased the problems previously met in 
joining these useful metals. With the development of improved electrodes, 
the metal-are process has been successfully practised for many years. The 
introduction of shielded-arc techniques has since eliminated problems of 
oxide and slag removal. To avoid stoppages due to arc burn-back, filler wires 
must be absolutely free from surface oxide films and grease. All aluminium 
bronze fillers made by IC I Metals Division are specially treated to provide 
a chemically clean surface. 


we Remin (7 ad As the Commonwealth’s largest producer of wrought non-ferrous 


metals, IC I Metals Division has built up exceptional knowledge 
of welding techniques. We specialise in wrought metals and alloys particularly 
suitable for welding and brazing—and in materials for carrying out the various 
welding techniques. We are always glad to help clients in selecting the most appropriate 
materials and processes. 
Please send now for our special booklet ‘I C | Welding Rods and Brazing Materials’. 






























ICI Aluminium Bronze Welding Rods 





























. . 
Quick delivery caine 
Alloy Size range Process melting point 
We make a very large 
. . te in. to } in. 
range of welding and 93/7 diameter in 
: aluminium straight lengths. Argon arc and 
brazing rods and orders for bronze Also on spools 1.G.S.M.A. 1045-1050 
for 1.G.S.M.A. 
many standard lines can welding 
; fe in. and 4 in. 
be filled from stock. Your Aluminium diameter in Argon arc and 
bronze straight lengths. 1.G.S.M.A. 1060-1080 
o¢ Alloy D. Also on spools for 
nearest 1C I SALES (GSMA welding 
a] k hi 
OFFICE w ill ensure that Aluminium On spools for 1.G.S.M.A. only 1035-1055 
, iyery P bronze -G.S.M.A. 
you get prompt delivery of Alone. rm 
any materials ordered. 








Rod identification 
I.C.I. welding rods are usually supplied in 3 ft. lengths 
vate Merlo cae Moto Moayitelete (ec) Me laceel Mme meltiele(uehiame lati -te 
For easy identification each rod and carton is marked in 
two colours 
Aluminium bronze welding rod is packed in 7 lb 
cartons, wire for shielded metal-arc welding in 14 lb 
spools. The identifying colours are— 
METALS 93/7 aluminium bronze White and Black 
DIVISION Aluminium bronze Alloy D White and Green 
Aluminium bronze Alloy E White and Pink 










MPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1 
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MARCONI ror 
INDUSTRIAL 


X-RAY 


Setting up a 250-kV Marconi Mobile X-ray apparatus for A F ; ] 4% RA | U ay 


radiography of the longitudinal seam of an air receiver at the 
works of The North Eastern Marine Engineering Co. Ltd., 
Wallsend. (A member of the Richardsons, Westgarth group.) 





THE MARCONI 
250 kV 
CONSTANT 
POTENTIAL 
EQUIPMENT 











The Marconi 250-kV Industrial X-Ray Unit offers industries, including shipbuilding, aircraft, iron and 
every feature desired by the discriminating industrial steel, motors, boiler-making and heavy electrical en- 
physicist and radiographer. Completely British made, gineering. For full details of this versatile equipment, 
including insert, it is widely used in a number of send for leaflet AQ24. 


MARCONI (2 *- Ray 


Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 


London and the South Midlands : North : Export Department. 

English Electric House, Strand, London, W.C.2 Marconi House, 24 The Parade, Leamington Spa. 23/25 Station Square, Harrogate. St. Albans, Herts. 
Telephone: COVent Garden 1234 Telephone: 1408 Telephone: 67455 Telephone: St. Albans 59°92 
xs 
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OIF BRONZE... 


Supreme in Low Temperature 
Oxy-Acetylene Welding 


There’s nothing to beat Sifbronze - the original Low 
Temperature welding process. Backed by nearly half-a- 
century of experience of oxy-acetylene welding problems, 
Sifbronze rods and Sifbronze equipment are supreme under 
all conditions. 


SIFBRONZE RODS AND FLUXES 


There is a LOW TEMPERATURE or a FUSION WELD- 
ING ROD for every job and every class of commercial 
metal. Also rods for argon-arc welding. 

Chemical fluxes are available in a complete range for low 
temperature and fusion welding metals and alloys by the 
oxy-acetylene process. 


SIFBRONZE EQUIPMENT 


“DEMON” welding and cutting Blowpipes, light and easy 
to handle, yet strong and robust in use. 

Regulators, to provide accurate gas control, reliable and 
safe in operation. 

“CATSEYE” goggles, Cylinder Keys, Hose and all 
accessories. 


MACHINE CUTTING 


Profiling machines, straight line cutters and twin head 
automatics for mass production precision cutting by oxy- 
acetylene, oxy-propane, oxy-coal-gas. 


SEE SIFBRONZE 
IN AGTION! 


on our stand No. 3Y, Empire Hall at the 
Welding Exhibition 


Demonstrations and technical advice on any welding or cutting problems 


SUFFOLK IRON 
FOUNDRY (1920) LTD 
Stowmarket, Suffolk 


Tel: Stowmarket 183 





IDEALARC 


TRADE MARK 


BALANCED 
3-PHASE 
SILICON 
RECTIFIER 











%& HIGH EFFICIENCY & FULL RANGE OF SIZES 300-500 AMP 
% LOW IDLE LOSSES & RUGGED MAINTENANCE FREE CONSTRUCTION 
% STATIC SET—NO MOVING PARTS %& LOW PRICE—ECONOMICAL OUTLAY 













For further details write to :- 


ARMCO 


X t(mir& & 





THE LINCOLN ELECTRIC COMPANY - CLEVELAND - OHIO-USA 


the world’s largest makers of arc welding equipment 








WISE ONES WILL BE SURE 
TO VISIT STAND YI 






























(Empire Hall, Olympia) during the Engineering, 
Marine and Welding Exhibition. Here continuous 
demonstrations will be given daily of Eutectic’s 
unique ‘‘Low Heat Input’’ metal-joining process. 
Pioneered by the company’s founder in 1904 this 
concept has now been applied to a range of over 
150 specialised alloys and fluxes. 











The latest developments to be shown include 


%* A revolutionary new process for welding cast 
iron in one-tenth normal time! 


% A completely new paste compound for join- 
ing all aluminiums! 


%& Amazing new alloys for all hard facing 
applications! 


%& A brand new chemical cleaner for all welds! 


% Something really new in high silver, 
“‘brazing-type”’ alloys! 





SEE FOR YOURSELF 


On our stand at Olympia or in your own workshops. 
Free advice available through factory-trained tech- 
nical representatives throughout Britain, together 
with free information and training services. 





Gu Jomperalire 
EUTECTIC 


REPAIR (443893 SAVE MORE WELDING ALLOYS 











EUTECTIC WELDING ALLOYS CO. LTD 
NORTH FELTHAM TRADING ESTATE, FELTHAM, MIDDX. 
’Phone: FEL6571 









The world’s leading metal-joining institution with plants in London, New York, 
Lausanne, Frankfurt, Paris, Montreal, Johannesburg, Bombay, Melbourne, 
Tokio, Mexico City, Puerto Rico and Sao Paulo. 

Research Centres in U.S.A. and Switzerland. Affiliated companies in Brussels, 
Vienna, Caracas, Lima and Buenos Aires. Sales and service throughout the world. 
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THE FASTEST 

AND CHEAPEST WAY OF FIXING 
THREADED STUDS 

OR ATTACHMENTS LIKE THESE 
TOA METAL SURFACEIS... 


(rompton Parkinson === 


STUD WELDING 


ASK US TO PROVE IT! 


CROMPTON PARKINSON (STUD WELDING) LTD - 1-3 BRIXTON ROAD + LONDON + SW9 « TEL: RELIANCE 7676 
BRITISH WELDING JOURNA! 


















































































we ever you weld- 
Za’ 
iy: 
; Mersey Cables 
Q 
i? 
28 i take 
* = ~ 
LontN 
= - the load 
= \ ‘ 
4 : Time is now—huge man-made 
{U-1:* structures of steel are pointing towards 
‘x the sky, reaching new heights of 
% it: development in which Mersey Welding 
y . cables are playing a leading part. 

- They're made tough to withstand rough 
handling and all conditions of heavy 
duty in civil engineering, shipyards and 
workshops everywhere. Slung high or 

: AS AR coiied low, Mersey cables take power 
an N 34. . . . 
7. YY | easily, conveniently, right to the 
: \ 
a \ Hai welder’s hands. 
. \ : Iti Available in all standard sizes. 
\ — itl Conductors are of copper, or, for extra 
— \ ae = lightness, aluminium. Insulation can be 
er a \ ll Vulcanised Rubber—P.C.P. sheathed if 
N oe required for added oil resistance—or 
N outa P.V.C. insulated and sheathed 
: i \ <1 Wherever you weld—use Mersey 
“y \ ml cables—they can take it. Get in touch 
a \N. ff vai = today, there’s a Depot listed in your 
AQ § I as y P 
e _ ti Cenenens oe 
H — . - a 7 
| / OE Daa °) 
5 “ 2 - @ 
: Ss ‘un CABLES » (, 
: MM 
; i @ Electrical Division. 
‘ ut 
an = MERSEY CABLE WORKS LIMITED. 
—— ee UT - 
ll IN hal LIVERPOOL 20. Phone: BOOTLE 4111 
7676 
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GEARBOX CASING 
in F.V.520 Steel 


F.V. 520 steel provides a unique combination of 
properties. It possesses the weldability and 
corrosion-resisting characteristics of the 18/8 
chromium-nickel stainless steel, and at the same 
time is capable of being heat treated to give high 
mechanical strength. 

It is used extensively in the aeronautical field and 
is finding ever increasing applications for general 
engineering purposes. 

F.V. 520 steel is produced in the form of bars, 
forgings, sheet, strip, castings and centrispinnings. 
Technical literature is available on request. 


FIRTH-VICKERS STAINLESS STEELS LTD., SHEFFIELD 


— the only company in Europe to devote its activities exclusively to 
the production and development of stainless and heat-resisting steels. 








\ 
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The HUGH SMITH “TRU-EDGE” 
PLATE EDGE PLANER 


is the ideal machine for rapid and accurate 
preparation of plate edges for welded construction. 





Very modern design developed over many years of experience, 
incorporating: 


High efficiency worm gearing with single spiral rack pinion drive. 


Wide main slide with replaceable inserts which can readily be replaned 
when necessary—fully protected by steel cover. 


Unit construction tool standard, with motorised adjustment, built into 
the saddle. 


2” square cutting tool—will plane plates or bundles of plates up to 2” thick. 
Vertical rise toolbox available for progressive planing up to 6” thick. ; 5; ~ 
Swivel action available for planing bevels up to 35° either way. 


High efficiency lighting on cutting tool and plate edge. Made with beam 
type clamping or hydraulic clamping (illustrated). 


A rotary shearing head can be supplied which shears up to 14” wide from 
plate edge with an accuracy of 0-01” in 40 ft.—much faster and more 
economical than flame cutting. 


The machine is made in lengths of 25, 30, 35 and 40 ft. 


HUGH SMITH (GLASGOW) LTD 
Hamilton Road - Possilpark ° Glasgow N 2 





Ve also make a full range of machines for manipulation of plates and sections 
SENDING ROLLS, STRAIGHTENING ROLLS, FLANGING PRESSES, GAP PRESSES, Etc. BEAM TYPE CLAMPING MACHINE 
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GASES BY SATURN 


There are Saturn branches in Glasgow, 
Aldridge, Manchester, Sheffield, Lyming- 
ton, Sunderland, Thornaby-on-Tees and 
Southall—strategically located to give you 
prompt, individual service. Pyrogas, 
Super-Pyrogas, Nitrogen and Argon 
(super purity and high purity), Hydrogen, 


Oxygen and Dissolved Acetylene can be 
supplied to meet your requirements. 

Saturn are contractors to: Admiralty, 
War Office, Ministry of Aviation, UK 
Atomic Energy Authority, Australian 
Atomic Energy Authority, National Coal 
Board, British Railways. 


For gases and service and welding equipment — see Saturn! 


SATURN INDUSTRIAL GASES LIMITED 


‘Eri Wood’, Windlesham, Surrey 
Telephone: Bagshot 2441 


Branches: SOUTHALL, GLASGOW, ALDRIDGE, MANCHESTER 
SHEFFIELD, LYMINGTON, SUNDERLAND, THORNABY-ON-TEES 


LA! DPT A BY NBC a Cn 
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REACH FOR 


INVICTA 


Successful arc welding is assured with 
INVICTA Electrodes. They are specifically 
designed for each particular job, and 
INVICTA cover a wide range of arc welding 
requirements. For simplicity of operation, 
welding in all positions, easy slag removal, 
freedom from impurities, smooth deposit, 
first-class mechanical properties, and eco- 
nomical welding. 


* Write NOW for full details of the complete range of 
INVICTA Electrodes which cover every industrial 


purpose. 


Used by some of the largest Shipbuilding and 
Engineering Works throughout the World 


Member of the Owen Organisation 


INVICTA ELECTRODES LTD, BILSTON LANE, WILLENHALL, STAFFS. Tel: James Bridge 5131 Ext. 508 
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For still “2. silver brazing 


JMC preplaced inserts — carefully sized and 
shaped pieces of brazing alloy — are being 
used on an increasing scale to speed up repe- 
tition silver brazing. 

Ring shaped inserts in various JMC alloys 


Full technical information on JMC Low Tem- 
perature Silver Brazing is available on request. 


are now supplied in a new easy-strip pack- 
ing that facilitates storage and saves time in 
handling on the bench — another example 
of Johnson Matthey leadership in this im- 
portant field. 


Johnson Matthey 


LOW TEMPERATURE SILVER. BRAZING ALLOYS 


JOHNSON, MATTHEY &CO., LIMITED. 73-83 HATTON GARDEN, LONDON E.C.I 
Telephone: Holborn 6989 


B.03/224 


Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street, Sheffield. |. Telephone: 29212 
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Obviously the welder himself. But he must have 
electrodes worthy of his skill. AEI meets this need for 
speed more certainly than ever before with its new 
GAZELLE Electrode. These mild-steel electrodes are 


expressly made with the welder in mind. Their ease and 
speed of use and good de-slagging properties should 
revolutionize mild steel fabrication and welding work, 


For further information, return this coupon to the address below 


Visit our stand No. 5 (Row V), Ground Floor, Empire Hall at the 
Engineering, Marine, Welding and Nuclear Energy Exhibition, 
Olympia, April 20th - May 4th. ‘ 











Please send me further details of AEl GAZELLE 
Note these Gazelle Advantages ELECTRODES, including addresses of AEI District 
Non iron-powder contact type electrode giving Offices from which sample packs are now available: 





maximum ease of use at lower cost - Unequalled 























. : NAME 
de-slagging properties - Excellent weld appearance 
— . 208 POSITION — 
Minimum cleaning costs - Easy arc striking charact- 
Ae ° ° COMPANY — 
eristics - Wide current range for each size of elect- 
| rode - High travel speeds - Longer run lengths per ete 
. electrode than with any other Class 2 electrode _ 

















| THE NEW AE/ @X@3N19 ELECTRODE 


Oo — 











Associated Electrical Industries Ltd 


HEATING AND WELDING DEPARTMENT TRANSFORMER DIVISION 
TRAFFORD PARK, MANCHESTER, 17 


L/P 006 
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THE CARBORUNDUM COMPANY LTD 


1911 - 1961 ea TRAFFORD PARK, MANCHESTER 17 


Telephone: TRAfford Park 2381 Telegrams: CARBORUND, TELEX, MANCHESTER 
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Me? 
’ve been 


< da WR electrodes 
“ee =: for 30 years— 


you can’t 
beat ‘em! 






Manufacturers of Electrodes for 
all purposes 


| Geer 


ms Oe ea 


BRIGHTSIDE HOUSE - MEADOWHALL ROAD - SHEFFIELD 9 - Tel. 42494 
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VALUE! 


Low first cost. Lowest-priced 

10/12 cwt and 15 cwt vans. 

Special features at no extra 

cost include sliding doors, spare 
wheel and tyre. Low running costs. 
Extremely low petrol consumption, 
high mileages between overhauls, low 
cost Bedford service and parts 
available everywhere. Long life. 
Special anti-corrosion body dip. 
Double skin body construction, 
resin-bonded laminated floor. Low 
price chassis versions form splendid 
basis for economical special bodies. 


Vauxhall Motors Ltd., Luton, Beds. 
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EASE! 


Easy entrance, easy exit. Space-giving 
semi-forward control layout. Sliding 
doors make loading and unloading 
easy. Completely unobstructed 
access across and through the van. 
No bulkhead, wheel arch or engine 
hump in the way. Low floor level. 
Easy handling. All synchro gears. 
Steering, brakes and clutch all 

light ard effortless. Comfortable 
driving position. Excellent vision. 
Easy parking. Small turning circle. 
Easy engine access. 

All components readily accessible to 
cut down service costs and time. 






Chassis prices from £350 
Complete van prices from £450 








-} 2) te) ie] 
PROOF! 


200,000 x 8 years proof. Basic 
design refined and improved 
through the past eight years. Nearly 
200,000 on the roads today. 
Chosen because a// space is fully 
usable. Because the three 

axle ratio options mean the right 
transmission for every job. And 
because the high resale value makes 
the net cost of owning a 

Bedford lower than that.of any 
other van. 


Your Bedford dealer will gladly 
provide the proof. 





LOAD 
RATINGS 


10/12 cwt 
15 cwt 








WHEELBASES 90” 
for each rating 102” 





CAPACITIES 144 cu. ft 
inc.9 cu.ft. beside driver 171 cu. /t 
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NEW! aancock 


LIGHTWEIGHT FLAME PLANER 


Hancocks introduced Flame Planers to British industry — 
with tremendous success. Their new lightweight machine 
meets the big need for a flame planer intermediate in size 
between the famous Hancoplane and the equally famous 
Hancoplane Junior. It’s here -at a remarkably low price. 


@ The lightweight Flame Planer cuts all four sides of a 
plate at the same time. 


@ Deals with plate up to 12’ 0” wide and with a 
standard length of 30’ 0’ -this can be increased to 
any desired length. 


@ Cutting heads can be adapted to cut ‘slow’ curves. 


HANCOCK 


makes news—in oxygen cutting 











NEW! sancoc 


TUBE PROFILING MACHINE 


This new Hancock machine actually makes its own templates! 
It does this by means of a special attachment to the machine. 
The templates are made from stock pipe drawings —a 
‘Library’ of template drawings of basic standard angles and 
pipes is supplied with the machine. 

@ Suitable for the weld preparations of pipes from 
3”-12” dia. 

@ Fitted with a multiplying device-—to save tem- 
plates. 


@ An extra attachment to the tube profiling machine 
enables the hole as well to be cut. 





STAND NO 6 ROW X 


HANCOCK « co. (ENGINEERS) LTD 


Progress Way, Croydon, Surrey. Telephone: CROydon 1908 
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Specialists 
Tamu ceieliare 
: alloy steels 
icy late Malelitaiclanellls 
“ve ] metals 











Aluminium, Aluminium Bronze 





Clad steels, Hastelloy 
Inconel, Monel metal, Nicke 
Stainless Steel, Titanium 


Welded 


ifclelater-bilela 


and fusion welded 


pressure vessels 


to Lloyds Class 1 


relate mctiaalite ts 


specifications. 


JENKINS 


of Rotherham 


ne 4201 (6 lines) 
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Contact 
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MAPEL MEN are skilled in the supervision and inspection 
of welding, using either visual, x-ray, gamma-ray, ultrasonic 
or other non-destructive methods. 





Inspection of steel structures, tanks, pressure vessels, pipe- 
lines, and welded or fabricated equipment, can be undertaken 
to any specification. 


THE WATCHFUL EYE OF MAPEL WELDING 
INSPECTION SERVICE CAN PROTECT You 





World Wide Service 


METAL AND PIPELINE ENDURANCE LTD 


London Road, Woolmer Green, Hertfordshire 
Telephone: Knebworth 3083 Telegrams : Metaldure, Knebworth 
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VISIT STAND No. 5BB 


Engineering, Marine, Welding 
and Nuclear Energy Exhibition 


20th April-4th May 
Empire Hall, Olympia 











Where sections 
vary greatly... 


...z2 films are better than 1 
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ILFORD technicians pioneered multiple film technique 
in industrial radiography. This has been graphically 
described as a “‘sandwich”’ of two or more films, and the 
technique gives vastly superior results where specimens with 
widely varying densities have to be critically examined. 


The “sandwich” consists of two or more films of 
different speeds loaded into a standard cassette for 
simultaneous exposure. Thick sections of the specimen 
register clearly on the faster film, and the thinner sections 


on the slower film. The effects of differential exposure can 
be accentuated by using lead screens in the “sandwich”. 
The technique can also be used for making duplicate 
radiographs by using two films of the same speed. 


Choice of the appropriate ILFORD Industrial X-ray 
films obviously depends on the subject, the tube voltage 
and the presence or absence of screens. Full details of 
film choice and voltages, as well as lead screens, will be 
forwarded by request. 


For improved radiographic examination 


INDUSTRIAL X-RAY FILMS, CHEMICALS 
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CASSETTES AND LEAD SCREENS 


ILFORD LIMITED : ILFORD + ESSEX 
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Be sure 
of getting your 


WELDING 


on time..... 


to 


specification . 


quoted...... 


ROBEY & CO. LTD. P.O. BOX 23 LINCOLN 


London Office: 


APRIL, 1961 


Go to a firm with the capacity to absorb your 
work and the experience to schedule it 
accurately. Robey have the capacity and are 
familiar with all types of welded construction. 
Deliveries are punctual and complete. 


Robey's regular production includes Lloyds 
Class | Pressure Vessels. They have produced 
all-welded boilers up to 1300 Ib. p.s.i. working 
pressure. Rigid laboratory and X-Ray tests are 
a constant check on every job, in addition to 
other normal factory tests. 


Robey's experience allows them to quote 
accurately and conform to their price. “Unfore- 
seen eventualities’’ don't occur. And Robey 
quotations are also competitive; next time 
you've work to place, get a proposal from— 


= 
o) ee Oe 7 | 





11 Princes Street, 


(TELEPHONE 21381) 
Hanover Square, W.1. (Telephone: HYDe Park 4971) 
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GOLD STAR 300 SERIES 


Here is an entirely new concept in a combination 
AC/DC welder for tungsten inert gas or metallic 
arc use. Gold Star 300 Series welders are electric- 
ally controlled and feature completely sealed semi- 
metallic rectifiers. All models are power factor 
corrected and are available with built-in control 
panels 

With che Gold Scar 300 series welders you have 
seven separate welders in one cabinet designed for 
(1) AC metallic arc, (2) AC inert gas, manual, (3) 
AC inert gas, automatic, (4) DC metallic arc, (5) 
DC inert gas, manual, (6) OC inert gas, automatic, 
(7) OC inert gas, spot welding. Four models, with 
welding ranges from 2 to 750 amperes. 





GOLD STAR SRH ALL-WEATHER 
DC WELDERS 


A new concept in welder design for all DC 
metallic arc welding jobs. This new MILLER 
welder is designed for the most rugged industrial 
welding applications — indoors or outdoors. Its 
low sleek lines, plus its extremely rigid construc- 
tion, make this welder ideal for stacking for 
parallel operation or to conserve floor space. 

Available in three models with 60% duty cycle 
atings of 200, 300 and 400 amperes. 


INTERLAS LTD.. 


REPRESENTATIVES IN EIRE: 
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GOLD STAR SR 


These single operator rectifier type DC welders 
are designed for the most rugged industrial appli- 
cations. Available in four models, with 60% duty 
cycle ratings of 200, 400 and 600 amperes. 
Gold Star SR welders feature unusually wide cur- 
rent ranges with range switching and electrical 
current control. These welders represent the 
ultimate in performance and flexibility. MILLER 
Gold Star rectifier type DC arc welders feature: 
(1) A new transformer 

(2) A new weld stabilized circuit 

(3) A new completely sealed semi-metallic rectifier. 





SIGMA WELDERS WITH 
CONTROLLED SLOPE 


MILLER SIGMA rectifier type DC welders are 
designed to maintain stable welding conditions 
with both automatic and semi-automatic welding 
equipment regardless of arc variations. MILLER 
SIGMA welders are ideal for shielded inert gas, 
metallic arc and submerged arc welding. A newly 
designed circuit now offers a control slope feature 
in the model SIGMA-3CS and SIGMA-S5SCS. An 
additional circuit also permits heretofore un- 
available TIG or metallic arc welding on a SIGMA 
3CS model. 

X-ray quality welds are produced by the 
MILLER models SIGMA-3CS, SIGMA-5CS and 
SIGMA-10 welders. 





A proudly offer 


in Great Britain 
the full range of 





miller 


WELDERS 


EQUIPMENT 


for prompt delivery 


Interlas Limited now proudly offer British industry the 
full range of world-famous Miller Welders. 

There are models for AC, DC, and AC/DC welding. 
Models for metallic arc, argon arc, CO,, and submerged 
arc welding. Mains operated models for indoor and out- 
door use, petrol driven models and diesel-engined 
models. 

For British engineering, shipbuilding and aircraft firms 
here is a new high standard of design and workmanship 
to ensure years of trouble-free service, coupled with 
quantity production to reduce initial outlay to a new 
low level. 





ITS THE FINEST 


SEE OUR 9 EMPIRE 
STAN pV JOLYMPIA 














AMPTHILL> BEDFORD: Tel: Ampthill 3340 


WELDING SERVICES LTD.. 14-16 AMIENS STREET, DUBLIN. Tel. Dublin 47051 
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To: Henry Wiggin & Company Limited, Wiggin Street, Birmingham 16 
Please send me without charge a copy of your new publication :— 


‘WELDING, BRAZING AND SOLDERING OF WIGGIN 


This new 86-page publication provides you with the HIGH-NICKEL ALLOYS’ 


most up-to-date data for guidance in joining Wiggin 
High-Nickel Alloys :—Oxy-acetylene, Metal-arc, NAME 
Argon-arc, Resistance and Flash-butt welding. It 
also contains sections dealing with the welding of 























APPOINTMENT OR DEPT. 
dissimilar metals and on the lining of vessels. 
COMPANY AND ADDRESS 
BW/M33/4 
& HENRY WIGGIN & COMPANY LIMITED, WIGGIN STREET, BIRMINGHAM 16 
TEA mBPA 


\PRIL, 1961 25 











PICKERING 


WELDED 
FABRICATION 





The versatility of Pickering Welded Fabrications, and the high standard 
of their techniques, are recognised by worldwide industries. This huge 
Top Beam Combined Shipyard Rolls Flanging Press is just one example 
of the types of fabrication undertaken by Pickering. These include stern- 
frames, bed-plates and castings. Nothing is too big or too intricate; it’s all 
in the day’s work to Pickering. 


RY. PICKERING & CO, LTD. 





NETHERTON ROAD - WISHAW - LANARKSHIRE - SCOTLAND 
Telephone: WISHAW 2142 
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NON-DESTRUCTIVE 
TESTING 





THE ARDROX No. 996 


FLAW 
DETECTION KIT 


Using self spraying aerosol dispensers. 
A.LD. approved process for all crack 
detection on welds, bar and sheet. 


BRENT CHEMICAL PRODUCTS LTD 


COMMERCE ROAD, BRENTFORD, MIDDLESEX 
Telephone: ISL. 5444/5/6 





MANCHESTER OIL REFINERY 
(SALES) LTD 
76 Jermyn Street, London, S.W.! 
Specialists in non-destructive testing by the Electro- 
magnetic and penetrant methods. 
Supramor and Lumor magnetic inks. 
Britemor and Glomor fluorescent penetrants. 


Verimor and Verimor (Solvent Process) dye pene- 
trants. 


Devmor (High Flash Developer). 

















INSPECTION SERVICES LTD 


Oldfields Trading Estate 
Sutton By-Pass, Sutton, Surrey. 


NON-DESTRUCTIVE EXAMINATION OF WELDING 
CONCRETE, ETC., BY X-RAY, GAMMA RAY, 
ULTRASONIC AND CRACK DETECTION 
A.I.D. APPROVED TEST HOUSE A.R.B. APPROVED 
BACKED BY 28 YEARS’ PRACTICAL AND 
TECHNICAL EXPERIENCE OF WELDING 
Telephone: Fairlands 4546. 


HANDBOOK ON RADIOGRAPHIC 
APPARATUS AND TECHNIQUES 


The Institute of Welding announces the publication in 
January 1961 of the only edition in English of this work 
which has been compiled by Commission V of the Inter- 
national Institute of Welding. The book thus represents the 
views of leading experts throughout the world on this subject, 
it deals concisely and simply with apparatus and techniques 
for the radiographic inspection of welds and describes the 
precautions necessary to ensure the safety of operators. 
This book will be a full bound publication in blue, size 84” x 
54” and will consist of 88 pages of text supported by illustra- 
tions. Obtainable from the Institute of Welding price 16/-, 
including postage. 

















Laboratory and Site 
NON-DESTRUCTIVE TESTING SERVICE 


X-RAY * GAMMA RAY - ULTRASONIC 
Magnetic and Fluorescent Crack Detection 
ANYWHERE ANYTIME 
GAMMA-RAYS LTD 


FOUNDRY LANE, SMETHWICK, 40 STAFFS. 
Telephone: SMethwick 8046 


Lightweight Portable 
X-Ray Sets, Isotope Sets, Magnetic 
Flaw Detectors. All Radiographic 
Accessories and Darkroom Equipment. 


INSPECTION EQUIPMENT LTD. 
19 BROAD COURT, DRURY LANE, 
LONDON, W.C.2. 


Telephones: 
CUNningham 1795 and GLAdstone 1402 

















ULTRASONOSCOPE CO. (London) LTD. 








One of the pioneer teams offer the complete Ultrasonic 
testing service: 

% Manufacturers of Ultrasonic Flaw Detectors 

% Consultants in Ultrasonic Flaw Detection 

%* Ultrasonic Inspection Service 

% Designers of Special Equipment 


SUDBOURNE ROAD, BRIXTON HILL, 
LONDON, S.W.2 Tel: BRixton 4041 


©@almer 











NON-DESTRUCTIVE TEST SERVICE 


X-Ray and Gamma-Ray service (Test House 
and Mobile) *% Magnetic crack testing 
Fluorescent crack testing *% Ultra-sonic 
testing % Pressure testing—air and hyd- 
raulic % Low temperature testing * Film 
processing and radiological reports 


Palmer Aero Products Ltd 
AERO PRODUCTS DIVISION BTR INDUSTRIES LIMITED 
PENFOLD STREET - LONDON N.W.8 TEL: PADDINGTON 8822 6/3121A 
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Nation - wide service 
for the supply and storage of CO. 

Visit us at the Engineering, Marine, Welding and Nuclear 
Energy Exhibition STAND No. 13 row J 
Ciceolsharemilelelemeie-lalemal-liMmO)\ aan eli- 
April 20th to May 4th 


THE DISTILLERS COMPANY LIMITED —CHEMICAL DIVISION 


BRITISH WELDING JOURNAI 








THE 
INSTITUTE OF WELDING 


54 Princes Gate, London, S.W.7 
> 


COUNCIL and OFFICERS 


PRESIDENT 
E. Fucus 


VICE-PRESIDENTS 
W. BARR, O.B.E. H. WEsT 
G. ROBERTS 
PAST-PRESIDENTS 
J. STRONG E. SEYMOUR-SEMPER 


HONORARY TREASURER 
W. E. Harriss 


Chairman of Executive Committee: Dr. N. Gross 


Representatives of Industrial Corporate Members 


E. F. BURFORD, M.B.E. J. A. MCWILLIAM, T.D. 
C. HUMPHREY Davy E. S. WADDINGTON 


BRITISH WELDING RESEARCH 
ASSOCIATION 


19 Fitzroy Square, London, W.1 
+ 


COUNCIL and RESEARCH BOARD 


PRESIDENT 
Str CHARLES S. LILLICRAP, K.C.B., M.B.E. 


CHAIRMAN OF COUNCIL 
A. ROBERT JENKINS, J.P. 


HONORARY TREASURER 
W. E. HArrIss 


Members of Council 





N. L. G. LINGwoop 


Representatives of Fellows, Members, and Associate Members 


D. J. W. BoaG R. J. FOWLER 

G. M. Boyp, 0.B.E. E. P. S. GARDNER 

V. W. CLACK S. H. GRIFFITHS 

F. CLARK, M.B.E. D. B. KIMBER, O.B.E. 

D. C. C. Dixon T. McIver 

J. A. DorRAT H. MARTIN 

Representative of Companions Representative of Associates 

J. HOOPER A. Evitts 


Chairman of B.W.R.A. Council: A. ROBERT JENKINS, J.P. 


Dr. R. WECK 


Chairmen of Standing Committees 


Education Committee 
Finance Committee 
Membership Committee 


Programme and Publications Committee 


Pror. J. G. BALL 
W. E. Harriss 

R. G. BRAITHWAITE 
J. F. LANCASTER 


Sir DONALD BAILEY, O.B.E., J.P. 
Pror. J. F. BAKER, O.B.E., F.R.S. 


Dr. R. BEECHING 

D. J. W. BoaG 

J. BROWN 

Dr T. W. F. BRowN, C.B.E. 
C. HUMPHREY DAvy 

C. H. FLURSCHEIM 

E. Fucus 

T. M. HERBERT 

E. J. HILi 

F. C. S. L. Lewtn-HArris 
H. PEARSON LOBNITZ 

Sir ANDREW MCCANCE, F.R.S. 


G. A. MCMILLAN 

RICHARD MILES 

J. MITCHELL, C.B.E. 

Pror. SiR ALFRED PUGSLEY 
O.B.E., F.R.S. 

L. ROTHERHAM 

R. B. SHEPHEARD, C.B.E. 

C. M. SPIELMAN, O.B.E., M.C. 

T. STEVENSON 

J. H. N. THOMPSON, M.c. 

Lt.-Co.. J. F. TODHUNTER 

W. T. TOWLER, J.P. 

Dr. E. G. WEsT 

J. M. WILLEY 


Research Board 


: : Dr. E. G. West (Chairman) Dr. Nico. Gross 
Technical Committee J. A. Donat Dr. N. P. ALLEN, F.R.S. Dr. H. K. Harpy 
. Pror. G. WESLEY AUSTIN, 0.B.E. Dr. H. HARRIS 
_—_ Representatives of Branches Pror. J. G. BALL A. ROBERT JENKINS, J.P. 

Birmingham W. D. WALLER W. Barr, 0.B.E. Dr. N. J. L. MEGSON 

East Midlands C. E. Coss, D.s.M. E. V. BEATSON J. D. D. MorGAN 

East of Scotland J. F. WHEELDON Dr. L. E. BENSON Dr. W. I. PUMPHREY 

Eastern Counties J. EDWARDS Dr. J. S. BLair Pror. E. C. ROLLASON 

Leeds E. ROSE Dr. N. BoorH Dr. H. SuTTON, C.B.E. 

Liverpool G. A. O. PRIDGEON E. P. S. GARDNER J. TURNBULL, O.B.E. 

Manchester J. M. WHITWORTH A. H. GooDGER Dr. J. H. WEAVING 

North Eastern (Tees-side) J. W. JACKSON L. M. Wyatt 

North Eastern (Tyneside) R. A. Exton 

North London C. R. THATCHER 

L. C. PERCIVAL 

Preston F. PILLING 

Sheffield W. A. JENKINS, J.P. 

a 0 er agmaa J. H. GILLESPIE DIRECTOR OF RESEARCH 

South London P. J. E. HEATH 

South Wales I. B. Forp Dr. Ricard Wack 

South Western A. J. FRANCIS 

West of Scotland J. E. ROBERTS 

Wolverhampton S. K. STOKES 

SECRETARY SECRETARY 
G. PARSLOE A, O'NEILL 





AL APRIL, 1961 29 














YOU muST SEE LT 


SPRITE SS=. 





i, fete] mS eas die 


BRITISH WELDING JOURNAL 





BRITISH WELDING JOURNAL 


OFFICIAL JOURNAL OF THE INSTITUTE OF WELDING AND THE BRITISH WELDING RESEARCH ASSOCIATION 


Incorporating the TRANSACTIONS of the Institute and WELDING RESEARCH 


CONTENTS 


INSTITUTE OF WELDING 
Developments in Stud Welding 

By D. J. N. Laurie 

A Note on Flame Spraying Developments 
By Lloyd Manuel 

Foil Seam Welding By F. Busse 


Auto-Pneumatic Metal Spraying Machines 
By W. E. Stanton 


Mild Steel Electrodes for Contact Welding 

By J. W. Addie 

Automatic Tungsten-Arc Welding of Heat Exchangers 
By N. T. Burgess 

Mild Steel Welding with Argon/CO, Mixtures 


By B. H. Baker, W. Crevis, J. A. Lucey, and F. W. Lunau. 


An Adhesion Test for Aluminium Spray Coatings 
and other Metallized Surfaces 
By R. S. Smith and N. Stephenson 


Some Recent Developments in Brazing 

By G. R. Bell 

Influence of Storage Time on Weld Metal Ductility 
By Claes Pfeiffer 

Tentative Recommended Terms and Definitions 

for the Welding of Thermoplastics 


BRITISH WELDING RESEARCH ASSOCIATION 
Ultrasonic Welding By S. W. Neville 


NEWS and ANNOUNCEMENTS 
CURRENT WELDING LITERATURE 


APRIL 1961 
Volume 8 Number 4 


Subscriptions 
Members free: 
Extra copies at 7s. 6d. each 


Non-Members: 
£5 per annum 
Single copies 10s. each 


Published Monthly 


Editor-in-Chief: G. PARSLOE, M.A. 
54 Princes Gate, London, S.W.7 
(Knightsbridge 8556) 


Executive Editor: 

C. ROWLAND HARMAN, B.Sc. (Eng.) 
Editech 

77a Chertsey Road 

Woking, Surrey 

(Woking 5838) 


Advertisement Manager: 

G. S. HARTLEY 

54 Princes Gate, London, S.W.7 
(Knightsbridge 8556) 


Note: Editorial contents copyright. The Institute 
of Welding and the British Welding Research 
Association do not hold themselves responsible 
for statements made or opinions expressed 

in articles appearing in this Journal. 





The Institute of Welding 54 Princes Gate, London S.W.7 


British Welding Research Association 


19 Fitzroy Square, London W.1 


APRIL, 1961 














ROWEN-ARC SA-40 


the automatic choice for successful welding 














Completely automatic control of 
wire feed, shielding gas, current 


The Rowen-Arc SA.40 heavy duty weld- 
ing head isideal for repetition production 
welding and gives the optimum inservice 
and dependability over a wide range of 
automatic applications. 

CO, Welding of mild steel in particular 
with the SA.40 head has proved 
successful in many industries providing 


uniform top quality welds with 
outstanding economies in production 
costs. 

The Welding head can be readily 
mounted on a self-propelled tractor or 
work positioner and can be rotated 
through 360° in two planes. 

Side delivery and concentric gas nozzles 





Main Rowen-Arc Distributors: 
Lincroweld Ltd., Bank Chambers, 16 Southwark St., S.E.1. (London and Southern Counties). 


Rowen-Arc SA.40 
equipment comprises 
500A Constant Potential 
Power Source, Control 
with wire drive unit, 
Operators remote control 
pendant with weld 
start-stop and inching 
buttons, and automatic 
welding head. 


Rowen-Arc also 
produce a wide range 
of electrode wire for 
all welding 
applications. 





can be provided for use with CO, or 
inert gas welding. 

The SA.4oheadin conjunction with Rowen- 
Arc power source and controls provides a 
high duty cycle welding set-up which means 
bigger and better savings for you. 
Rowen-Arc and their Distributors are 
well equipped to deal with your welding 
problems. Why not take advantage of this 
free service ? 


ROWEN-ARC 


a name to watch for new developments 


ROWEN-ARC (Division of Rubery Owen & 
Co. Ltd.), Longford Works, Blackhorse Road, [*; 
Longford, Coventry. Tel: Bedworth 2179. 
A Member of the Rubery Owen Organisation. 
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ADVERTISER'S ANNOUNCEMENT 


Olympia Preview 


British Oxygen Show Wide 
Range of New Machines 
and Equipment 





New Automatic Line Tracing Device: 
BOC’s Latest Portable Cutting Machines: 
Latest Advances in Electric Welding: 





industrial gas production and distribution—and a greater 

service to industry than ever before—all are exemplified 

on the British Oxygen stands at the Engineering, 
Marine Welding & Nuclear Energy Exhibition at Olympia this 
year. 

Today—Oxygen—lifeblood of industry—is being produced in 
unprecedented quantities. Steelmakers alone are using more 
than a thousand tons a day—most of it drawn from British 
Oxygen tonnage plants installed at or near the steelworks. By the 
end of 1962 they will be using three times as much. 


N: EQUIPMENT—new techniques—striking advances in 



























Being lowered into a 60-ton ladle is 
the new propane-fed heater designed 
for drying out and fettling steel- 
works ladles. 


At a large car body works in the 
Midlands several ST.2 torches are 
now being used in conjunction with 
the new slope-controlled rectifier and 
‘Lynx’ wire feed equipment. 





Liquid oxygen storage tanks and tankers at the 
Middlesbrough Works. 


How BOC are successfully meeting industry’s constantly 
growing demand for oxygen is typified at the exhibition by the 
model of an oxygen-producing plant on Engineering stand G.5. 
This is supported by illustration of the comprehensive distri- 
bution system and service offered by British Oxygen to all their 
customers, whether they buy by the ton or by the cylinder. 

British Oxygen’s acknowledged expertise in the distribution and 
use of Propane in industry, is illustrated by examples of bulk and 
portable cylinder supply systems. Propane has taken a firm place 
alongside acetylene as a most efficient fuel-gas in many cutting 
and heating applications. 

Hand equipment for cutting, welding and heating is high- 
lighted on British Oxygen’s Light Industrial stand W.1. Twin 
lightweights—the new ‘Firefly’ handcutting blowpipe, selling at 
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With the new SW.300 spot welding torch 
access to only one side of a joint is needed. 
Aluminium is here seen being spot welded 
with the new equipment. 


just over £7, and, latest from the ‘Saffire’ range, the lightweight 
welding blowpipe costing £6 14s. 6d.—are both designed for 
efficiency, economy, robustness and ease of operation. 

New, too, is an automatic line tracing device. This enables a 
profiling machine to operate from simple pencil line drawings. 
Conventional templates are eliminated, thereby saving time and 
money. The new device is demonstrated on the latest ‘Bison’ 
profile cutting machine. 

Also a newcomer—a lightweight portable straight line and 
circle cutting machine selling for under £40. In joining the 
‘Bantam 2’ in British Oxygen’s range of small portable machines, 
the new machine makes high quality mechanical oxygen cutting 
available to an even wider range of industries. 

Latest ‘Alyn’ pipecutting machines for branch preparation 
and pipeline work, are demonstrated. For branch preparation 
‘Alyn’ machines generate the desired profiles from direct basic 
settings. No conversion or calculation is necessary. 

Major advances made by British Oxygen in electric arc welding 
can be seen on stand W.5, which is devoted entirely to manual, 
semi-automatic and automatic electric welding techniques. Ex- 
hibits include the new slope-controlled rectifier—the MRCS.300 

designed for semi-automatic welding using the ‘short-circuiting 








A new lightweight portable straight line and circle 
cutting machine selling for under £40, joins British 
Oxygen’s range of small oxygen cutting machines. 


arc’ technique. Described by leading car body builders as a major 
breakthrough in sheet metal fabrication the newcomer is shown 
used with ‘Lynx’ wire-feed equipment for welding mild and 
stainless steels. 

Unique slope controlled characteristics of the new rectifier 
enable selection of conditions to suit any welding application 
over a wide metal range down to 20 s.w.g., even with excessive 
gaps, and in any position. 

With the new rectifier is demonstrated the revolutionary ST.2 
torch, designed particularly for ‘fine-wire’ welding, and which 
gives unprecedented accessibility and eliminates operator 
fatigue. The combination can be used with CO, and Argon/CO, 
mixtures, as well as with Argon or Argonox gases. 

The latest in automatic welding methods is exemplified by a 
twin fillet welder for scalloped as well as solid stiffeners, fitted 
with two ‘Basic’ heads. The heads are adaptable for ‘Fusarc/ 
CO,’, ‘Unionmelt’ or ‘Sigma’ automatic processes. 

Two versions of a new lightweight 225 amp. generator are 
displayed—one diesel-powered and the other electric mains 
driven. 

A roller bed installation, for rotating cylindrical vessels, is 
shown in conjunction with the now familiar and widely used 
ram-type welding boom. With this combination, vessels such 
as boiler drums, petrol tanks, hot water cylinders and large-bore 
tubes, can be welded longitudinally and circumferentially under 
perfect speed control, and the boom can also go inside the vessel. 

New among argonarc welding products is the SW.300—a spot 
welding torch designed to be used with a wide range of elec- 
trodes and interchangeable nozzles. It can be operated simply 
and cheaply by semi-skilled labour. Spot welds can be made 


with one hand and........ access to only one side of a joint is 
needed. 
A few examples in a range........ of products and gases 


designed to meet the need of every user—large or small. Each 
product is backed by technical knowledge and experience 
accumulated by British Oxygen over many years, resources 
which are placed at the disposal of users throughout the breadth 
of industry. 


Latest ‘Bison’ oxygen cutting machines are here seen 
profiling heavy side frames for diesel locomotives. 
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Developments in Stud Welding 


The first part of the paper deals with stud welded shear connectors, whose 
comparatively recent advent has created a need for adapting current available 
equipment to deal with the high stud welding rates required. It has also been 
necessary to develop a satisfactory technique to ensure a practical commercial 
proposition. 

The second part of the paper is concerned with developments in aluminium 
alloy stud welding. The consistent production of sound stud welds on these 
materials had presented complex problems until the research programme 
described pinpointed the causes and obscure reasons for erratic welding results. 
Since the adoption of the recommended new techniques, and the introduction of 
additional auxiliary equipment, a completely new and satisfactory standard has 
been reached, enabling the stud welding of NE.5 studs to NP.5/6 and similar 





By D. J. N. Laurie 


extensively used, and so widely understood, that 

it is not proposed to deal with it in its broad 
aspects. Nevertheless, in recent months there have been 
marked developments in two fields, each of which 
offers both technical and topical interest. 


T= PROCESS of stud welding as such, is already so 


Structural Engineering 


In the structural engineering industry, stud welding 
finds its place by virtue of the increasing extent to 
which the studs known as shear connectors are being 
used in the construction of many bridges and buildings. 

It is not the purpose of this paper to go into the 
question of structural design, but a broad knowledge 
of the function of the shear connector is necessary to 
an understanding of the welding problems involved. 

In general terms, a shear connector may be re- 
garded as a form of welded attachment (Fig. 1) for the 
purpose of uniting a steel beam, or member, with the 
concrete slab which is subsequently cast onto the beam. 
The quantity and disposition of shear connectors to be 
welded to any given beam are entirely design con- 
siderations, and do not affect the welding aspect. 





Manuscript received 23rd January 1961. 
Mr. Laurie is Chief Engineer of Crompton Parkinson (Stud 
Welding) Ltd. 614 


plate to become a sound proposition. 


Fundamental problems 


The fundamental welding problems involved are two- 
fold. In the first place, much higher welding speeds than 
are normal for this diameter of stud must be obtained 
to meet the commercial requirement. In addition, as 





1—Shear connectors on approach girders for Walt Whitman 
Bridge, Philadelphia. (Inset—shear connector and ferrule) 
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substantial numbers of shear connectors have to be 
welded very close to the edge of the top flange of the 
beam, there is an incipient tendency to arc blow. 

At this point it is useful to visualize the task as it 
appears to the welding engineer in charge of the 
project. There will be a steel beam whose top flange 
dimension may be anything from 6 in. to 36 in. wide, 
and up to 75 ft or more long. On this flange are to be 
welded transverse rows of up to perhaps 6 shear 
connectors of either ? in. or § in. dia., with spacing 
between the rows ranging from 6 in. to 36 in. 

This finished flange will have welded onto it some 
hundreds of shear connectors so conveniently spaced 
that extremely high welding speeds are inevitable. 
Furthermore, it is almost certain that a number of 
additional beams will be waiting alongside for similar 
treatment. 

It is now seen that the weld speeds called for on an 
application of this nature will be substantially higher 
than those on fabrications or components on which 
the welding of studs of these large diameters is 
normally carried out. 


Cable considerations 

Without suitable equipment modification, the first 
consequence of this vastly increased weld rate will be 
overheated cables. 

A logical first step, therefore, is an increase in cable 
section. The consequent drop in resistive value will, of 
course, curb temperature rise, and will also reduce the 
voltage drop in the cable to an acceptable level when 
long extension cables are in use. The recommended 
increase in cable section can be applied throughout the 
main welding current circuit with the single exception 
of the short length which is part of the handtool 
assembly. However, since the handtool is, in any case, 
prone to the heat affect of arc radiation and of heat 
transfer from the studs, it is normal practice to employ 
the expedient which is already widely known in arc 
welding circles, namely, to use two handtools altern- 
ately for periods of 20-30 min, allowing one to cool 
while the other is in use. 

One of two methods may be employed to increase 
the current carrying capacity of the earth cables. It is 
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2— Simplified stud-welding circuit 
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3—Oscillogram of stud-welding current without subsidiary 
contactor 


possible either to use a single earth cable of increased 
cross-section, or to use twin cables of standard section 
which would then be connected one to each end of the 
work piece. Since the second method has additional 
practical benefits in providing a balanced earth, it is 
the one invariably adopted. 

Cable temperature rise is largely dependent on four 
main factors: , 


(i) The comparatively high frequency at which welds are to 
be made 
(ii) The time taken for each weld, which is predetermined 
and fixed at an optimum setting 
(iii) The resistance of the cable in circuit, which has already 
been dealt with by an increase in section 
(iv) Welding current. 


A study of the basic stud welding cycle should now 
be made before considering the steps which may be 
possible for modifying the current conditions (Fig. 2). 


Weld cycle 
Briefly, the simplified sequence of operations can be 
enumerated as follows: 
(a) The cycle is initiated by operating the press switch on the 
handtool 
(b) In consequence, the welding circuit is closed, and the stud 
retracts from the plate 
(c) An arc is drawn between stud and plate for a period of 
time pre-determined bythe controller setting 
(d) At the end of this period, and while the current is still 
flowing, the stud is returned to the molten pool 
(e) Approximately 40 milli-seconds later the main contactor 
breaks, thus interrupting the welding circuit, and the 
cycle is completed. 


This sequence is illustrated by the oscillogram 
shown in Fig. 3. The peak represents the brief and 
undesirable period during which short-circuit con- 
ditions prevail, and current values approach double 
those which apply during the arc period. 


Subsidiary contactor 

To eliminate this effect, a unit referred to as a 
subsidiary contactor is introduced to prevent current 
rise during the short circuit period. This unit consists 
of an additional contactor bridged with a resistance, 
whose value approximates to that of the arc. It is 
introduced into the circuit between the negative 
output terminal of the welding power source and the 
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4—Simplified stud-welding circuit with subsidiary contactor 


ontroller unit (Fig. 4). The subsidiary contactor is 
losed during the arc period, and is set to open at the 
istant the stud is returned to the plate. In these 
onditions, the resistance across the subsidiary con- 
icter is introduced into the main welding current 
ircuit, so preventing the current rise which would 
therwise occur during the final period of the weld 
cycle (Fig. 5). 
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5—Oscillogram of stud-welding current using subsidiary contactor 


Before the introduction of the subsidiary contactor, 
the main contactor, when it opened during the short 
circuit period, was called on to break a current of 
something approaching 6,000 amp for a { in. dia. 
shear connector. Since this peak demand is approxi- 
mately halved by the introduction of the subsidiary 
contactor it can be calculated that the cable heating 
effect due to each stud weld made is thus reduced to a 
figure approaching 80% of the original value. It will 
be apparent also that the life of the main contactor 
tips is very considerably extended by the use of the 
auxiliary unit. In service, it has been found that main 
contactor tip life is, in fact, increased by about three 
times. 


\rc blow 


The effects of arc blow, referred to previously, are 
xtremely detrimental to weld quality. Fortunately, the 
olution of the problem is both simple and practical; 
xperience has shown that the use of a heavy plate 











6—Saddle bars for counteracting arc blow 


placed along the edge of the beam flange near to the 
welding position is completely effective. 

Again, in practice, this is usually accomplished by 
using two sections of plate held apart to the same 
dimensions as the width of the beam by one or two 
flat saddle bars tack welded onto the plate (Fig. 6). By 





7—Open-sided ferrule holder 
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this means the complete unit can be slid along as 
welding proceeds from one end of the beam to the 
other. 


Conclusion 

By the combined use of increased cable sizes and 
the subsidiary contactor unit, the welding rates 
demanded by industry have been made possible. 
Additional small modifications were necessary to the 
handtool attachments, in particular to the chuck which 
was designed to take the head of a shear connector, 
and a special ferrule holder cut away on one side to 
allow removal of the handtool from the side of the 
shear connector after welding (Fig. 7). Apart from 
these items, the equipment used is completely standard 
in all respects. 


Developments in Aluminium Alloy Stud Welding 


Another important sphere in which considerable 
development has taken place in recent years, par- 
ticularly in Great Britain, relates to the stud welding 
of aluminium alloys of the N.E.5 and N.P.5/6 types 
containing 3-5°, Mg. These are extensively used in 
shipbuilding and other industries. Although much of 
the research has been on these specific materials, the 
results, in general, would appear to be applicable to 
similar alloys with smaller percentages of magnesium, 
where there are no other alloying elements present in 
significant quantities. 

At this point it may be of value to consider the state 
of stud welding on these alloys before the introduction 
of these recent developments. 

Using mild steel stud welding as a basis for com- 
parison, optimum conditions for this material produce 
the perfect weld, with gradual deterioration in weld 
quality if conditions are varied either below or above 
optimum. It is important that there is a consistent 
relationship between weld quality and weld settings 
when working with mild steel. 

In contrast, when welding these aluminium alloys it 
was possible to produce two or three near-perfect 
welds, even when the settings were appreciably less 
than optimum, although with the same settings the 
welds that followed could be inferior in quality. In 
other words, the consistent relationship between 
quality and settings for mild steel has given way to 
complete inconsistency, and for this reason the results 
obtained when setting up and carrying out test welds 
in preparation for production work could be com- 
pletely misleading. 

Many industrial users, particularly of the smaller 
sizes of-stud (} in. dia. and less), were satisfied with the 
results obtained, but generally the larger sizes could 
not be used where strength and reliability were 
critical. 

The stage has now been reached where precise time 
intervals, current settings, material conditions, and 
polarity are known. Whilst this information in itself 
was sufficient to produce substantial improvements in 
weld quality, it soon became apparent that, to 
emulate the results obtainable with mild steel, the 
introduction of a protective atmosphere was necessary. 
However, before describing this stage, the course of 
the development work leading up to it will be of 
interest. 


Improvement of weld quality 

During the earlier attempts at improvement, on 
recurring fault contributing to inconsistency and lo, 
strength was the presence of entrapped impurities i 
the weld. These formed areas of varying size in th: 
fusion zone and reduced the effective cross-sectiona 
area of the weld. Argon shrouding was introduced a 
this stage but did not eliminate the fault. Furthe: 
investigation was made.by using high-speed photo 
graphy, and by sectioning and examining a series o 
welds. 

It became evident that the cause was not oxide 
formed during the weld cycle, but portions of the 
existing surface layer which did not break up com 
pletely during the arc period. It was found that this wa: 
not simply aluminium oxide, but a thin residua 
of drawing lubricant which had worked into thx 
surface. The prior removal of this layer by machinins 
the stud (Fig. 8) provided the first worthwhile im 
provement in strength and consistency. The section: 





8— Unskimmed (left) and skimmed (right) studs 


and photographs in Fig. 9 show the difference in welds 
made under similar conditions with, and without, the 
surface skin. As well as a reduction in the number of 
inclusions, the fillet metal is able to form a bond onto 
the stud to a greater height. Histograms (Fig. 10) 
show the improved strength obtained when the stud 
ends are skimmed. It has since been found, after 
experiment, that certain chemical treatments can also 
be used to remove the surface film. This has certain 
advantages; for example, it does not involve alter- 
ation to the shape at the welding end of the stud, 
which would have certain secondary effects. Further 
investigation is still being made in this direction. 

With the skin removed, argon shielding produced a 
marked improvement in weld quality. Histograms 
(Fig. 11) based on tests of 2 in. dia. unthreaded pins 
illustrate the results obtained. Thereafter, by a series 
of extended tests, the optimum range of time and 
current settings was established for this size of stud. It 
was found that the strength of welds made in all 
positions under these conditions was always com 
parable with the strength of the full stud section. 

Since the U.T.S. of the rolled and drawn stud 
material may be expected to exceed that of the cas! 
weld metal, where threaded studs are involved, the 
strength developed at the fusion zone will always 
exceed the strength of the smaller area represented by 
the thread-root diameter. Although the histograms 
shown were based on tensile tests there was 
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9—{a) Welds made with unskimmed studs; (b) Welds made with skimmed studs 


confirmation of these findings from micro-sections, 
fatigue and bend tests. 

The settings found best for 3 in. dia. studs were 
extended to higher and lower diameters with pro- 
portional adjustments, and similar results were ob- 
tained on all sizes up to 7 in. dia. The improvements 
obtained. on $ in. dia. studs, however, were not 
sufficient to ensure a minimum weld strength sig- 
nificantly above the thread-root strength. Some 
detailed investigation into the new factors introduced 
ai this size was clearly required, and a series of test 
welds was made over a range of current and time 
settings at both polarities. The specimens produced 
were then sectioned and examined systematically. In 
addition, a corresponding series of micro-sections was 
made for which the weld cycle had been modified to 


allow the molten stud end and weld pool to solidify 
before coming together. High speed films were also 
taken at selected settings at both polarities. 

These investigations produced a picture of how 
changes in current and polarity affected the end shape 
of the unmolten part of the stud, the degree of porosity 
produced in the stud end and in the weld pool, and 
the type and quantity of metal transferred from the 
stud end to the weld pool during the arc period. 

The reasons for the improved results obtained with 
certain current settings began to emerge more clearly 
from these tests. The earlier tests on $ in. dia. studs in 
these alloys indicated that there were relatively narrow 
optimum ranges for both polarities. These were quite 
different for each polarity, and the true optimum was 
chosen from the best of these two ranges. It may be of 
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10—Histograms of results of tensile tests on % in. dia. studs: 


(a) Unskimmed studs welded downhand in air 
(6) Skimmed studs welded downhand in air 
(c) Skimmed studs welded ‘vertically’ in air 
(d) Skimmed studs welded overhead in air 
* Minimum strength to ensure fracture in stud if threaded 
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11—Histograms of results of tensile tests on % in. dia. skimmed 
studs welded in argon with positive polarity: 


(a) Downhand (52 studs); 
(c) overhead (30 studs) 


(6) vertical (58 studs); 


* Minimum strength to ensure fracture in stud if threaded 


interest to describe some of the changes that were 
found to occur with increasing current and corres- 
pondingly shorter weld times in each polarity for this 
diameter. 


Effects of current and polarity 

With the stud positive, weld current at 400 amp 
and using a relatively long weld time (i.e. long-time, 
low-current conditions), a concave end to the unmolten 
portion of the stud was produced causing gas entrap- 
ment and contraction cracking under the centre of 
the stud on its return to the pool. At this current, 
the weld pool was only slightly larger than the stud 
diameter, and severe porosity built up both in the 
stud end and in the weld pool. However, there was very 
little metal lost in transfer from the stud end during 
the arc period. An increase in current improved all 
these factors but the metal transfer becomes excessive 
at between 700 and 800 amp. These indications 


suggested that the 600-700 amp range was most 
satisfactory, and tests on the completed welds gave 
full practical confirmation that this was so. The un- 
molten portion of the stud end can become appreciably 
heated by conduction from the molten portion during 
the relatively long arc time. This assists fusion of 
metal from the weld pool onto the sides of the stud. 

The studs which were subjected to the experimental! 
weld cycle, without the final return, showed that the 
main build-up of porosity was in the weld pool, 
particularly between the pool and the base metal 
(Fig. 12). This is, of course, consistent with the move- 
ment of electrons at this polarity. This type of porosity 
will not clear under the action of the returning stud, 
and it is this residual fine porosity which limits the 
weld strength obtainable to approximately that of a 
B.S.W. thread-root cut in the stud. 

Various experiments aimed at improving this per- 
formance by alterations in arc length, return-spring 
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12—Porosity at base of weld pool. Studs not returned. Positive 
polarity 


pressure, damping, and ferrule design, did not suc- 
ceed in effecting any significant improvement. 

With the stud at negative polarity at low current 
settings, there was again evidence of severe porosity, 
concave unmolten stud end, and small pool size. At 
slightly increased current settings the pool size became 
adequate. Porosity was much more severe however, 
even at higher current settings, because the electron 
flow was from the stud to the plate, the main build-up 
of porosity in this case occurring between the un- 
molten and molten metal at the stud end (Fig. 13). 
Further increases in current again resulted in some 
overall improvement, but no satisfactory results were 
obtainable in the range in which there is little metal 
transfer. 

Above approx. 800 amp, however, high-speed films 
showed that the molten metal leaves the stud end 
continuously in the form of droplets during the weld 
cycle. Under these conditions the shortness of the 
weld cycle, the polarity, and the continuous loss of 
molten metal from the stud end combine to keep the 
unmolten portion of the stud comparatively cold. 
Thus, at these high currents, the weld is formed by 
plunging a relatively cold, but fairly well shaped stud 
end into a pool consisting of almost all the molten 
metal produced. The porosity that has not been 
released by the metal transfer is then swept aside into 
the top of the fillet. This leaves sound metal under the 
stud, but forms little bond above this position. These 
settings (approx. 1,000 amp with stud negative) in 
fact provided the best conditions for this size of stud 
with standard equipment in air, but it will be clear that, 
even with the degree of forging obtained from the 
return spring, the molten metal on the underside of 
the stud alone can never develop the full strength of 
the wrought shank. 


Effects of ferrule design 

The ferrule material must, of course, be capable of 
withstanding the heat of the arc and of intimate 
contact with the molten metal without introducing 
impurities or further porosity. As distinct from steel 
stud welding, the fillet does not tend to form before 
the two parts meet, and the inside walls of the ferrule 
act to some degree as an extension of the rim of the 
pool to guide metal up into the fillet. Ferrules with a 
limited number of gas escape outlets, extending to the 
full height of the recess so as to ensure adequate 
venting for the stud return, are thus required. The 





13—Porosity build-up with stud at negative polarity. Studs not 
returned 


(a) (b) 





14— Stud welding ferrules: (a) For aluminium alloys; (b) for mild 
steel 


fillets are rather larger than with steel to enable 
porous metal to be swept from the critical positions 
and, owing to the high conductivity and low specific 
heat of these alloys, it is vital that there should be no 
possibility of a delay in the return of the stud as a 
result of contact with the bore of the ferrule. Figure 14 
shows ferrules for use with these alloys beside corres- 
ponding ones for mild steel. The rapid cooling also 
provides the reason for the use of the ‘hot plunge’ weld 
cycle for these materials, in which the current is not 
cut off until the weld cycle is completed. 

With the standard cycle, already stated, neither 
positive nor negative stud polarity provided condi- 
tions which could ensure really satisfactory strength 
in } in. dia. studs of these alloys. In air, negative stud 
polarity at about 1,000 amp provided the best con- 
dition, but with argon, the 650 amp positive stud 
condition was slightly better. 


Methods of improving stud heating 

After the development of the above theory of the 
mechanisms involved, attempts were made to im- 
prove the heating of the stud end when at negative 
polarity, without altering the weld cycle. The use of 
alloys containing a small percentage of beryllium 
(which has been found by workers at the B.N.F.M.R.A. 
to increase the surface tension in the molten metal), 
was tried with the object of holding the molten metal 
in contact with the stud for a longer time. Alternative 
end shapes for the stud, and attempts to change the 
shape and motion of the arc by magnetic and electrical 
influences, have also been tried without success. 
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15—Section of weld made with preheated stud 


One promising line of enquiry was opened as a result 
of tests using fairly large particles of iron powder 
scattered loose in the weld zone. High-speed films 
showed that these particles were moved rapidly about 
through the arc (becoming molten) and up around the 
stud end where they transferred some of their heat te 
the stud sides. Tensile and bend tests confirmed that 
there was a general improvement in strength com- 
pared with results from welds made without the 
powder. 

This loose powder method was obviously not 
commercially practicable in that form. Aluminium 
alloy studs are metallized at the welding end with a 
thin coating of zinc to reduce the porosity in the weld. 
Replacing this by metallizing with iron did not bring 
about the same result as using the loose powder, and 
actually produced an appreciable reduction in 
strength; and after other attempts to make it com- 
mercially feasible the use of iron powder was aband- 
oned. 

To confirm the theory which had now been built up, 
relating to the mechanisms of weld formation, studs 
were preheated to 150°-200°C. and then welded at 


16—Automatic preheating unit 


negative polarity at high current. Sections revealed an 
immediate improvement in the fusion of the fillet to 
the sides of the stud. Figure 15 shows an example of 
the excellent results obtainable with ideal settings. The 
superheated weld metal has made a good bond far up 
the sides of the stud, so that the combined shear and 
tensile strength of the weld metal is greater than the 
tensile strength of the wrought shank. Since it was not 
found possible to produce welds consistently with a 
minimum strength substantially above that of a } in. 
dia. threaded stud with the standard cycle, it seemed 
logical to develop a weld cycle which incorporated a 
means of automatically preheating the stud. 

Separate preheating has the advantage that the 
whole ‘heat-sink’ of the stud is adequately filled, so 
allowing the fillet metal to fuse to it satisfactorily. 
Where, on the other hand, preheating is done by 
means of an arc, the time taken to bring the critical 
zone to an adequate temperature will depend on the 
current value selected. To prevent any appreciable 
melting at the weld area during this part of the cycle 
the current must be kept down to a suitable level. 

The standard welding cycle, of the type normally 





17—Argon shroud for aluminium stud welding 
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used with aluminium alloys, starts with a pilot-arc of 
about 13 amp with a duration of a few milli-seconds. 
The pilot-arc time was extended to provide preheat, 
but the time necessary was about 8 sec, and this was 
too long to be acceptable in practice. To overcome 
this difficulty an auxiliary unit was developed provid- 
ing a 70 amp preheat current, which allowed the time 
to be reduced to 3 sec. By using argon shrouding in 
conjunction with this unit welds can be produced in 
ill positions with an adequate strength margin over 
the threaded stud. This preheat unit is interconnected 
with the standard controller and is completely auto- 
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matic (Fig. 16). The argon shroud used for aluminium 
alloy stud welding is shown in Fig. 17. 

Larger sizes of studs still provide a further challenge, 
but some work on these has already been done, and it 
would appear that the general principles of the 
mechanisms involved still apply. 


Acknowledgments 


The author expresses his appreciation to J. G. 
Stokes, J. R. Davies, and others who subscribed to 
this work. 





A Note on Flame Spraying Developments 


The author briefly reviews recent applications of the wire spraying, 
powder spraying, and plasma flame spraying processes and describes 


By Lloyd Manuel 


spraying of worn or incorrectly machined 

parts was undertaken by the wire metallizing 
process. In most cases the selection of wire to be used 
was from a simple list of common engineering alloys 
(Table I). 


Os four or five years ago nearly all the metal 


Table I 
Wire for metal spraying 





Metal Rockwell Hardness 
*Sprabronze AA B78 
*Sprabronze TM B50 
Metco Copper B32 
*Metcoloy No. 1 (18-8 stainless) B78 
*Metcoloy No. 2 (High chrome stainless) C29 
*Sprasteel LS (Low shrink) C25 
*Sprasteel No. 10 (0-10% C) B89 
*Sprasteel No. 25 (0-25 % C) B90 
*Sprasteel No. 80 (0-80% C) C36 
Metco Nickel B49 
Metco Monel B39 
*Sprabond Wire (Molybdenum) C38 





* Metco Ltd. are registered users of these trade names. 


Today, three processes are available to the metal- 
lizing engineer; wire spraying, powder spraying, and 
plasma flame spraying. The range of materials for 
spraying now includes hard-facing alloys, ceramics, 
and even very high melting point metals such as 
tungsten. 

Manuscript received 2nd February 1961. 
Tne author is with Metco Ltd., Woking. 
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the relative advantages of these processes. 


The writer recently visited a contract metallizing 
firm where batches of worn pump sleeves were being 
processed. One batch was to be sprayed with stainless 
steel, another with a Ni-—Cr-—B-Si alloy, and another 
with alumina (Al,O,). All were to withstand similar 
conditions in service. So far, little work has been done 
to evaluate these very different materials, and decisions 
for their use are frequently based on the process cost. 

There is no doubt that wire spraying will continue to 
be the most commonly used process for metallizing 
components which have been worn or incorrectly 
machined. It has the great advantage of low cost and 
simplicity of application, and the virtue of being a 
‘cold’ process. 





i—Wire spraying armature bearing 
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2—Powder spraying abrasion-resistant deposit 


Figure | illustrates the metallizing of a journal bear- 
ing by the wire process. In this example the major cost 
factor would be the value of the metal deposited (a 
12% Cr steel). Such a component could not, in 
practice, be treated by any other process. 

Generally, therefore, the powder and plasma flame 
spraying processes should be considered where wire 
sprayed deposits are unsuitable. These can be very 
briefly summarized as: 


(a) Where the deposit is subjected to severe abrasion or point 
impact 

(b) Where corrosion resistance or extreme resistance to wear 
is desired 

(c) Where high temperature resistance is required. 


Sprayed deposits can readily be produced to meet 
these factors, by the powder spraying process (Fig. 2), 
using hard-facing alloys or ceramics (Table II). 

Ceramics, such as alumina, can resist wear to a very 
high degree but they are limited to applications where 
they will not be subjected to impact or abrasion. 

Hard-facing alloys have been especially developed 
to withstand both wear and corrosion, the greatest 
resistance being given by a Ni-Cr-B-Si alloy blended 
with a high proportion of tungsten carbide. The only 
limitation to their use is their higher cost (compared 
with wire metallizing) and the necessity for fusing the 
deposit to the base, after deposition, at a temperature 
slightly above 1000°C. 

Whilst plasma flame sprayed deposits, at this stage 
of their development, are of little value for salvage or 
maintenance work the physical and metallurgical 
properties of the coatings are generally superior to 
those of conventional flame-sprayed coatings. These 
include reduced porosity, improved bond and tensile 
strengths, less oxide content in the case of metal, and 
high density. Coating densities reach to 98% of the 
theoretical values and are edsily controlled. These 
factors will undoubtedly widen the industrial use of 
plasma-sprayed coatings. For example, pure tungsten 
and tungsten carbide can be applied to almost any 
base material with densities of about 95 %. 

In general, most inorganic materials that can be 
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Table I 
Hard-facing alloys and ceramics: analyses, °% 





Alloys 

Tungsten 

Carbide 

Aggregate Fe Ni Cr C Si B Cu Mo Co 
12C 2:5 Bal 10 0-15 2:5 2:5 
15C 4 Bal17 10 4 3-5 
16C 2:5 Bal 16 O05 4 4 ee 
18C 1 27 19 4 3 6 40 
32C 80 0-8 14 35 O-1 O8 O08 
Ceramics 


Aluminium Titanium Zirconium Calcium Silicon 





Oxide Oxide Oxide Oxide Dioxide Others 
101 Bal 2:5 
105 Chemically 
Pure 
201 0-5 93 5 0-35 ~Bal 
Table II 


Melting points of spraying materials 





Materials Melting Point, °F. 

Aluminum Oxide 3772 

Calcium Zirconate 4253 
Chromium 3430 
Chromium Carbide 3434 

Ceric Oxide 47i2 (approx.) 
Cobalt 2723 
Cobalt-Zirconia (blend) 2723-4892 
Magnesium Zirconate 3848 (approx.) 
Molybdenum 4748 

Nickel 2650 
Nickel—Alumina (blend) 2650-3772 
Titania—Alumina (blend) 3344-3772 
Titanium Oxide 3344 

Tungsten 6170 
Tungsten Carbides 5198 
Zirconium Oxide (stabilized) 4712 


Zirconium Silicate 4388 (approx.) 





melted without decomposition can be applied by this 
process. Others now in development work include: 
tantalum, palladium, platinum, zirconium diboride, 
columbium, hafnium, vanadium carbides, and re- 
fractory borides of hafnium and cerium. 

Melting points of various spraying materials are 
given in Table III. There is considerable discussion on 
the actual values but the table is presented for general 
information. 

The very great range of operating temperatures that 
can be produced, the variety of materials that can be 
sprayed, and the basic economies of the process would 
seem to limit possible applications only to the im- 
agination of the designer and research development 
engineer. Applications already include the spraying of 
rocket nozzles and nose cones and other parts subject 
to extreme thermal conditions, such as crucibles for 
high melting point materials. In the electronic industry 
parts for large vacuum tubes have been successfully 
coated, and in the chemical field considerable work 
has been done with catalytic as well as protective 
coatings. 
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Foil Seam Welding 


In contrast to the normal lap seam resistance welding process foil seam welding 
enables butt joints to be made successfully in sheet metal panels. The principles 
of the process are described including the means of concentrating the welding 
heat at the zone of the joint and of applying the correct pressure for welding. 
The results of practical experience are given, together with guidance on the 
suitable methods of sheet preparation, choice of foil, and selection of welding 


machine variables. 


Special welding machines are described and examples are quoted of the 


By Dr. Ing F. Busse 


struction. 


Development of the Process 


ing are well-known: a clean seam surface, no 

distortion, high welding speed, low power costs, 
no special preparation of the welding edges (provided 
that the sheet surface, at least at the welding edges, is 
free of oxide films and scale). But the process has the 
major disadvantage that it is not possible to butt weld 
the sheet metal edges instead of lap welding them. 

A simple test shows that no useful welding joint is 
attained if two sheet metal panels, butted against each 
other by hand, are passed between the two electrode 
wheels of a seam welding machine. Evidently two 
prerequisites for successful butt welding are missing: 
there is no welding pressure in the plane of the sheets 
at the contact zone of their cut edges, nor is the current 
generating the welding heat concentrated exclusively 
on these contact zones. Only the use of an expedient in 
the form of a narrow thin metal foil results in an 
excellent butt seam. This welding process was de- 
veloped about 10 years ago and since then it has been 
thoroughly proved in practice. This paper reports on 
this method and describes the special seam welding 
machines used. 


Ts advantages of standard resistance seam weld- 


Principle of Foil Seam Welding 


Figure | shows the fundamental arrangement with 
this welding process. The sheet metal panels I and II 
come into contact at their cut edges in the butt joint 
SF. For theoretical purposes the thickness of the sheet 
metal panel may be considered to be divided into a 
middle zone MZ and two border zones RZ. Between 
the electrode wheels R, and R, there are two foils 
F, and F, lying centrally on the butt joint of the two 
panels. 


Concentration of welding current 
For theoretical considerations alone, the butt weld- 
ing of the two panels may be considered as starting 


advantages of the process when applied to certain types of fabricated con- 


from the middle zones of both sheets, where a welded 
nugget is formed from which the welding then can 
grow up to the surface. The current flowing from the 
two electrode wheels through the piece to be welded 
would indeed produce a heat centre at any contact area 
between the wheels, but because the foil inserted 
between the sheets and the electrode wheels creates an 
elevation, the current is concentrated precisely at this 
point. Although the foil is only 0-2 mm (0-008 in.) 
thick this is enough to attain the desired effect, and 
the current is concentrated within the small width of 
the foil 4 mm (0-16 in.) Thus, when the upper and 
lower foils are placed centrally on the contact line of 
the two panels the total welding current flows and 
consequently heats only the material next to the butt 
joint SF. 

The central placing of the foils on the seam natur- 
ally cannot be done at will by hand but must be 
performed mechanically, because any lateral displace- 
ment would result in leading the current through only 
one sheet metal panel and only this one would be 
heated. Therefore, a guiding device is provided, which 
reaches almost to the contact point of the electrode 
wheels with the panels (see Fig. 2). This precise 
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1—Principle of foil seam welding 
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2—Method of guiding foils 


positioning is important, for the heating of the foil in 
front of the welding zone would otherwise tend to 
produce lateral distortion. 


Heating of border zones 

A further important problem is to obtain sufficient 
heating of the sheets in the border zones as well as in 
the central contact area. Indeed the foils result in 
additional electrical contact resistance for the passage 
of current, and so increased heat generation, but on 
the other hand the water-cooled electrode wheels 
withdraw considerable quantities of heat from the 
welding area. This is desirable with lap welding 
because the electrode wheels cool the outer surfaces of 
the overlapped pieces and so reduce distortion. With 
foil-seam welding, however, different conditions pre- 
vail because the panels must be heated through their 
whole thickness if complete fusion is to be obtained. 
The foils thus restrict the withdrawal of heat 
through the electrode wheels. The thicker the foil, the 
more it protects the welding zone against too much 
heat transfer and the greater is the heat available to 
the outer zones of the weld area and on the inner sides 
of the foils. If a specially thin foil is being used, say 
about 0-1 mm (0-004 in.), it is nearly impossible to 
effect a weld in the sheet metal panels up to the border 
zones of their contact surfaces, and the foils do not 
weld to the panels. Even under the most favourable 
conditions it is always difficult to obtain a thoroughly 
homogeneous weld between foil and sheet, which is 
more like a pressure weld without preheating. Yet, as a 
too thick foil, 0-5 mm (0-020 in.) thick or more, will 
bring about an undesired thickening of the welded 
seam, it is necessary to compromise. Extensive tests 
and experience over many years with a great number of 
foil seam welding machines have shown that the best 
conditions on the whole are obtained with a foil 
thickness of 0-2 mm (0-008 in.) Specially dimensioned 
foils may of course be preferred in particular cases. 

This problem of heating the pieces to be welded over 
the whole area of the contact edges is specially 
important because the extent of the welded zone is 
hidden by the overlying foils. An incomplete weld will 
give no essential decrease of strength for tensile 
stresses, but would reduce resistance to bending 
stresses. The problem cannot be readily solved by 
increasing the welding current, for this would result in 
overheating at the outside of the foil and also sticking 
between the electrode wheels and the foil. If the chosen 
values for the welding power, welding pressure, 
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welding speed and thickness of the foil are not in the 
right proportions small pores, visible by X-ray exam- 
ination, appear in the middle zone of the area to be 
welded. These emanate either from gas formations or 
from volume changes during the solidification of the 
molten pool. Such minor porosity has no marked 
influence on the strength of the seam nor is it likely to 
result in fracture of the seam, for it never reaches the 
border zones. But, as already stated, porosity can be 
avoided by the correct choice of the welding variables. 

The most suitable conditions for all these questions 
of the heat distribution over the total range of the 
area to be welded, can be provided by: 


(i) Regulation of the welding current in the form of short and 
differently timed impulses of high amperage 
(ii) Correct choice of welding speed and welding pressure. 


The increased transition resistance provided by the 
foils has only a secondary effect on heat generation 
and, therefore, on the welding in the border zones; and 
extensive tests with foil surfaces having an artificially 
increased transition resistance have shown no ap- 
preciable gain. 


Welding pressure 

All resistance welding methods presuppose the 
application of a considerable mechanical pressure for 
squeezing the material of both parts to be joined after 
it has become plastic. This welding pressure has to be 
applied normally to the surfaces to be welded, so that 
with the peculiar conditions in foil seam welding in 
regard to the direction of the pressure transmitted 
from the electrode wheels, it would seem that satis- 
factory welding would be impossible. 

Figure 3 shows that the pressure P exerted by the 
electrode wheels is applied exactly parallel to the 
welding surface SF and not normally to it. 

A pressure applied at right angles to the welding 
surface may be attained indirectly by tightly clamping 
the two sheet metal panels onto a support, so that the 
clamping pressure SP is considerably larger than the 
pressure P exerted by the electrode wheels. In this way 
the two sheets, before being welded together, become a 
rigid although not homogeneous component. The 
material of the two sheets that lies between the two 
foils is heated as desired by the passage of current 
from one electrode wheel to the other, thereby creating 
an expansion that, with the sheets in the clamped 
position, has an upsetting effect PV. The total 
material heated for welding is therefore pressed to- 
gether from all four sides by the pressure P and PV. 
This provides the pressure conditions which are 
indispensable for resistance welding. The correct 
clamping of the sheets has to be done against a rigid 
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190 D.P.N. 
Sheet I 


210 D.P.N. 
Centre of seam 


190 D.P.N. 
Sheet II 


4— Macrosection of foil seam weld 40 


supporting surface, for large expansion forces are 
involved especially with longer weld seams. Some help 
may be given by using tack welding. This abutted 
tacking is not simple, but it can be done with a spot 
welder having specially formed electrodes. Gas welding 
is also possible but with this method the tacked spots 
have to be dressed flush and cleaned for the subsequent 
seam welding. 

The thicker the sheet metals, the larger become the 
expansion forces emanating from the welding heat. In 
such cases it may be advantageous to tack weld as well 
as to use the upper and lower foils, although con- 
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5—Foil seam parts formed after welding 


siderable care is needed. Too much welding heat causes 
the surface of the foil at the tacked spots to become 
scaled and so creates a danger of burning in subsequent 
seam welding if the tacked spot has not been previously 
cleaned. The spacing of the tack spots must not be too 
great, for otherwise, during the final seam welding, 
the foil may expand between the spots and fall over 
on itself. 

Fundamental research work has proved that the 
necessary pressure, correct current, and the required 
welding heat can be met excellently and adequately. 


Grain structure 

Figure 4 shows a polished and etched section of a 
butt seam weld between two sheet metal panels 
2:0 mm (0-08 in.) thick. The dark coloured welded 
zone between the upper and lower foils may be clearly 
discerned but there is no sign of the original, central 
seam which has been completely fused. 

The grain structure clearly shows the thermal in- 
fluences. The real welded zone was influenced to a 
great extent by relatively sudden cooling from the 
water-cooled electrode wheels and has a hardness of 
210 D.P.N. On both sides adjacent to this zone there is 
a very small refined area beside which the grain 
structure is unchanged from the ‘as-received’ con- 
dition; the hardness in these areas is 190 D.P.N. The 
foils are welded together with the sheet metal panels 
lying thereunder and above on various areas. 


Practical Experience of Foil Seam Welding 


The practical man is interested in the data attain- 
able and attained in practice and efficient operation. 
The following details are based on extensive experi- 
ence gained over many years with a great number of 
butt seam welding machines. 


Quality of the foil seam 
Satisfactory applications are the best demonstration 
of the real quality of the welding process used. Foil 
seam welding complies with the following requirements. 
It is possible without difficulty to obtain a liquid- 
and air-tight weld with this process. Tube caps 
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welded by transverse foil seams have been tested for 
air-tightness to a pressure of 200 atm. The attainable 
liquid-tightness is again proved by the preferred use of 
this process for making the seams in motorcycle 
petrol tanks. 

The welded seam is capable of being deformed to a 
great extent. Erichsen ball thrust tests result in deep- 
draw values 90-95% of those for the unwelded 
material. The fact that the seam is capable of good 
deformation allows rectangular deformations to be 
made with a small bending radius across and 
inclined to the seam, whether this is done on presses or 
with burnishing lathes (see Fig. 5), and the welding 
seam will also stand deformations in the longitudinal 
direction. In this connection a foil butt seam welding 
machine has-been used successfully for making 
radiators from sheet metal panels; when punching out 
and deforming the radiator parts the butt seam is 
sometimes deformed over nearly its whole length at 
about 180°. And in the subsequent hydraulic pressure 
test all seams deformed in this way have proved to 
be completely tight. 

Figure 6 shows the appearance of a foil butt seam. 
The heated zone, discernible by the discoloration, has 





6—Surface of foil seam weld 


a total width of only 15-20 mm (0-6-0°8 in.), which 
explains why the joints welded according to this 
process have no troublesome distortion. 

Everyone who has experienced the cumbersome and 
costly expense of straightening out thermal distortions 
will be able to appreciate the special advantage of 
obtaining a foil butt seam free of this trouble. 

A tensile test on a foil seam leads to a break in the 
refined zone or in the base material but never in the 
welded zone itself. In this connection it is interesting 
to learn about the results of tests which have been 
made at the Eidgenéssische Materialpriifungs- und 
Versuchsanstalt, Zurich, in the form of tensile fatigue 
tests in a pulsator equipment operating at 10,000 load 
cycles per minute. 

The foil butt seam welds were made in deep-drawing 
steel sheet panels (Armco) with a thickness of 2-3 mm 
(0-092 in.) The loss in strength, after more than 2 x 10® 
cycles at 2 tons load, was hardly discernible against 
the strength of the unwelded material as delivered 
from the rolling mill. 

Besides the absence of distortion a further advantage 
of foil butt seam welding is that generally no refinishing 
of the seam is necessary, because the thickening of the 
joint amounts to only 0-10—-0-15 mm (0-004-0-006 in.) 
when using top and bottom foils of 0-2 mm (0-008 in.) 
thickness each. In such cases where, for reasons of 


appearance or the need for subsequent refining and 
polishing of the surface, this small thickening has to 
be removed, a light grinding will suffice. 


Preparation of material 

The sheet metal edges to be butt welded must be 
positioned evenly in one plane. It is not possible, for 
example, to butt weld a sheet metal panel of 3 mm 
(0-12 in.) thickness to one | mm (0-04 in.) thick. An 
unsatisfactory welding result is also obtained if there 
is considerable distortion at the sheared edges of the 
sheets. 

The surfaces of the pieces to be welded must be 
clean in the areas traversed by the electrode wheels, 
i.e. there must be no oxide- or scale-films present, as 
for any standard resistance welding process. The gap 
between the sheet edges must not be larger than 
approx. 0-3 mm (0-012 in.) Experience has shown that 
this requirement can be met with the use of properly 
working shears; mill finished edges are also usually 
satisfactory. The presence of light films of oil is not 
harmful. 


Foil material 

A bright, low-carbon, soft steel tape has proved to be 
an excellent material for foil for all standard steel sheet 
qualities. Only when specially alloyed sheet metals are 
to be butt welded, e.g. 18/8 stainless steel, is it neces- 
sary to use a foil of exactly the same material. The 
width of the foils is uniformly 4 mm (0-16 in.), but 
the thickness may vary between 0-2 and 0-5 mm 
(0-008 and 0-020 in.); in most applications a thickness 
of 0-2 mm (0-008 in.) is preferred. As already men- 
tioned thinner foils give unsatisfactory welding results. 
Also it has been found inadvisable to choose a foil 
width less than 4 mm (0-16 in.), especially for welding 
long seams (4000 mm) (about 13 ft) because of the 
difficulty of maintaining accurate positioning and 
guiding of foils in the welding machine. The manu- 
facturing tolerances, especially in width, must be kept 
within narrow limits, so that there is only a very small 
play in the guiding devices attached at the roller head 
of the machine. It is also advantageous if the cut 
edges of the foils are lightly rounded. All these aspects 
indicate that although suitable qualities of foil may be 
obtained easily the manufacture should be done only 
in a band rolling mill equipped with special machinery 
for this purpose. Although there are no special con- 
ditions attached to the purchase of foil seam welding 
machines it is the usual practice of all customers, 
within the country as well as abroad, to procure their 
continuous requirements for foils centrally with the 
supplier of these welding machines. This makes it 
possible to manufacture the foils in large quantities 
and, therefore, at low cost; at the same time there is 
always sufficient stock available. The foils are de- 
livered, reeled on coils containing 1 kg each; equiva- 
lent to a length of approx. 160 m (525 ft). The 
mounting or changing of reeled foils can be performed 
without trouble at the respective holding device of 
the seam welder. The price of reeled foil has remained 
unchanged for some years at approx. DM 0-05 per 
metre (0-3d/ft). To save foil material in many applica- 
tions where strength requirements are low only one 
foil is being used, and this is applied on the outer side 
of the piece to be welded. 
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The fact that foils are purchased from a central 
point makes it possible to obtain conveniently a survey 
about the actual application of this welding process. 
Already in the year 1958 seams of a total length of 
one million metres (about 3-3 million feet) had been 
welded by means of foil. The process has formed more 
and more new applications and the consumption of 
foil during 1960 amounted almost to 1-5 million 
metres (about 5 million feet). 


Welding speeds 

The attainable welding speeds range from 2-5 m/min 
(about 8-2 ft/min) to 0-8 m/min (about 2-6 ft/min); 
this is for sheet thicknesses from 0-8 to 3-5 mm (0-03 
to 0-14 in.) For smaller sheet thicknesses it is recom- 
mended to use a mash welding method whereby 
extremely small overlaps of only about 1 mm (0-04 in.) 
produce a highly satisfactory joint. For thicknesses 
exceeding 3-5 mm (0-14 in.) other seam welding 
processes should be applied, preferably in the field of 
fusion welding. 

A consideration of the welding speeds attainable 
with foil butt seam welding leads as a matter of course 
to a comparison with standard lap seam welding. With 
the former process the current must be ignitron con- 
trolled. This limits the maximum welding speed to 
about 2-5 m/min (about 8-2 ft/min). The same con- 
ditions and speeds apply to the lap seam welding when 
a high-quality seam is required. But in this process it is 
sometimes possible to dispense with the use of ignitron 
panels, so that higher welding speeds are possible. The 
energy requirement for foil seam welding is somewhat 
higher in the lower range of the weldable sheet metal 
thicknesses, i.e. from 0-8 to approx. 1-5 mm (0-03 to 
approx. 0-06 in.) than for lap seam welding. With 
thicknesses from 1-5 to 3-5 mm (0-06 to 0-14 in.) the 
comparative figures change very advantageously in 
favour of foil seam welding; for example, for the seam 
welding of sheets 2-5 mm (0-10 in.) thick having a 
welding seam length of 4000 mm (about 13 ft) with 
large portal seam welding machines, only an energy of 
approx. 135 kVA is needed. 


Machines for Various Applications 


Many advantages of this process have become 
apparent in the course of its development in some main 
fields of application. These may be grouped as 
follows: 


(a) Applications to save material 

(6) Applications for subsequent enamelling or galvanizing, or 
for chromium-plating after seam welding 

(c) Applications for long and very long seams where absence 
of distortion is essential. 


Material economy 


This welding process has been used in different ways 
to save material. Some firms utilize all their waste 
sheet metal parts by joining them together by butt 
seam welding and then using the larger sheets for the 
covering of equipment, machines and so on. Other 
plants, where for example stock sheets of the right size 
cannot be obtained, are realizing quite considerable 
savings of material and cost by adding rectangular and 
various dimensioned sheet sections to standard sheet 
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7—Model NPH foil seam welder 
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8—Method of welding windows 


sizes by this welding method. For such applications 
the type of machine shown in Fig. 7 has proved to be 
very useful. There the work table of the machine, 
equipped with magnetic plates, serves for the simple 
and quick clamping of the sheets to be joined. Above 
and below their contact lines electrode wheel heads are 
moved simultaneously. At the end of each completed 
seam the welding current is switched off, but the 
movement of the electrode wheel heads continues, 
and the separation of the unwelded foil between 
the sheets and the foil guiding device together with the 
reeled foil is performed completely automatically by a 
current impulse. This separation of foils right away 
behind the welding action, is timed in such manner 
that there always remains a sufficient piece of foil 
below the electrode wheel to serve as a start for the 
next seam weld. The machine, therefore, is automati- 
cally prepared for the next welding operation and it only 
requires the operator to take out the welded panels 
and locate the new sheets in the correct position. This 
is facilitated by stop gauges and the subsequent 
magnetic clamping. Such machines are also used 
among others in the automobile industry, either for 
the manufacture of unformed sheet sizes which agree 
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exactly with the precut sizes for the forming tools or 
even for the seam welding of already formed car body 
parts. In such cases these are, of course, single-purpose 
machines which need, for their economic usefulness 
and amortization, relatively large quantities of pro- 
duction. With welding machines as that shown in 
Fig. 7 it is possible to produce panels with rectangular 
cut outs—for instance window cut outs of elevator 
doors—and this without leaving any scrap. Thus, for 
instance (Fig. 8), an elevator door would be welded 
either from four sheets according to procedure A or 
from two sheets according to procedure B. 

The electrode wheel heads, which are moved forth 
and back on the current conducting rails of the upper 
and lower arms of the welding machine, run with 
increased speed over the window openings x which in 
both operational procedures do not have to be welded. 
This extremely efficient working procedure is applied 
also when welding together the wide walls of railway 
coaches, which contain many window openings. 

A smaller special machine (Fig. 9) has served for 
years in the production of rings for automobile head- 
lamps from sheet metal strip; in this example any 
waste of sheet metal is completely avoided. According 
to conventional production headlamp rings are cut 
from a sheet corresponding in size to a full ring plate 
and are subsequently formed into shape. 

Foil seam welding makes it possible, however, to 
use initially a sheet metal strip from which a ring is 
welded by a short seam and is subsequently partly 
formed up to 180° by means of a bending tool; there 
is thus no need for cutting tools. 





Subsequent surface treatment 

Seam welded sheet metal parts which have to be 
enamelled on the inside or outside must not have a lap 
or unevenness on the welded seam. Instead of the 
autogenous or arc welding formerly used, for example 


9—Model NI 6-5St foil seam welder for headlamp rings 


10— Model NLr 30St foil seam welder 
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11—Model NP 40060St cross-bar foil seam 
welder for a maximum seam length of 4000 
mm (13 ft) 


in such applications as all kinds of household machines 
and utensils, especially the inner drums of washing 
machines, the foil seam welding process can be used 
with advantage. Also formed parts which after seam 
welding are either lustre lacquered or chromium 
plated may be foil seam welded, as is shown in Figs. 5 
and 10. 

The forming of the water container and the conical 
washing machine shown in Fig. 5 was done on a 
burnishing lathe. The work samples in Fig. 10 show 
motor-scooter front parts; foil seam welding simplifies 
their production very considerably because the pro- 
duction of a single drawing piece would cause very 
high tool expenses. 

The welding together of two preformed halves of 
tanks for motorcycles is a typical and frequent appli- 
cation for formed sheet metal parts whose surfaces 
are to be treated after the welding, for instance chro- 
mium-plated. Such finishing presupposes the absolute 
absence of distortion of the welded seam. 


Long seams 

In the production of long welded seams in thin 
sheet there is always the danger of distortion caused by 
the very considerable heat carried into the sheets from 
the seam. Every plant engineer knows how difficult it is 
to remove this distortion once it has occurred. From 
these considerations the type of crossbar or portal foil 
seam welding machine shown in Fig. 11 has been 
developed for the manufacture of railway coaches and 
for the construction of large sized vehicle bodies 
(buses). In the course of time these machines have been 
delivered to almost all industrial countries in the 
world. 

The main dimensions of the machine are: length of 
the welded seam 4000 mm (13 ft), total width of 
machine 6500 mm (21 ft), weight 5-5 metric tons. The 
various advantages of such crossbar machines are so 
important and they are so efficient that in many cases 
they have been operating continuously in two shifts, 
and some large industrial plants have been supplied 
with two machines of this type for their sheet metal 
workshops. 

The roofs of railway coaches of about 20 m length 
and up to 4 m (13 ft) wide are manufactured with these 
machines by welding together as many sheets 4 m 
(13 ft) wide as are desired. An especially efficient 
production is attained when the fota/ length of the 
roof of about 20 m (65 ft) is welded together from 
eight panels of the dimension 4000 x 2500 mm (13 x 8 ft) 
without interruption and is rolled up on the rear side 








of the welding machine on a movable cylindrical 
equipment. This rolled-up roof covering of 20x 4 m 
(65x13 ft) is transported by crane to the coach 
assembly area and is placed in position by rolling it off 
onto the frame construction of the roof. 

The clamping of the sheet panels to be welded is 
again done with large magnetic plates, so that with 
these unusually long welding seams no warping or 
distortion arises. The outside of the welding seam has a 
tempering discoloration 20 mm (0-8 in.) wide; this 
uniform band over the total length demonstrates that 
there has been the same heating at each point of the 
seam. This is attained by phase-shift heat control of 
the welding current which operates automatically as 
the inductive reactance varies with distance across the 
seam. 

The side walls of railway coaches, already referred 
to, are also produced in such portal machines. Many 
fully automatically controlled working procedures 
with such machines—among them the cutting or 
burning off of foil shortly behind the end of the seam, 
and a central lubricating system for all parts gliding 
against each other and at the same time conducting 
current—make it possible for these unusually large 
welding machines to be operated by untrained 
personnel. 


Conclusions 


By the use of the correct procedures and with a 
knowledge of the applications of the process, foil 
seam welding has been shown to be successful. The 
numerous advantages of such seams—no distortion or 
warping of the sheet metal, a seam that is clean and 
has practically no thickening, high strength and good 
forming qualities, high welding speeds and a relatively 
low demand for welding power—quite outweigh the 
small additional cost of this process; i.e. the additional 
cost of foil and the special equipment of the welding 
machines. Foil seam welding is not a substitute for lap 
welding, but when butt seam welding is specified this 
process, operating with foil in the range of sheet 
thicknesses 0-8—3-5 mm (0-03-0-14 in.), may in many 
cases be superior to other welding processes. This 
applies especially when the seam is to be surface 
treated after welding or when very long seams are 
involved. Foil seam welding is able to fill the gap 
existing between the border fields of resistance lap 
welding and the various processes of autogenous and 
electric arc welding. 
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Auto-Pneumatic Metal Spraying Machines 


Increasing use is being made of pneumatic power systems for mechan- 


ized metal spraying. The paper presents the requirements of equip- 
ment for this purpose and gives details of the auto-pneumatic control 


system that has been developed for special applications. 


NEUMATIC power systems are being used to an 
Pp increasing extent in the operation of mechanized 

metal spraying installations. This is not surpris- 
ing, since compressed air is an essential commodity 
whenever the spraying process is used. Modern 
pneumatic equipment is notsunduly affected by the 
dusty atmospheres commonly associated with metal 
spraying, and it has proved far more reliable than 
electrical apparatus. This is no doubt because pneu- 
matic systems are pressurized under working condi- 
tions, and internal surfaces are all constantly lubricated. 
Further advantages offered by pneumatic equipment 
are compactness, flexibility, and that highly specialized 
knowledge is not required when servicing becomes 
necessary. 

The increased use of such equipment was instru- 
mental in promoting the development of automatic 
methods for controlling complex pneumatic systems, 
and one of the methods evolved has been successfully 
applied to a metal-spraying machine which was 
specially designed for zinc coating the prefabricated 
parts of a large suspension bridge now under con- 
struction. 

The auto-control system allows the use of mechan- 
isms which provide greater flexibility of nozzle move- 
ments than has previously been possible, with the 
result that no readjustment of the machine is neces- 
sary when alternately applying coatings to work- 
pieces as diverse in shape as welded box sections and 
built-up fabrications. 


Scope and General Principles of Existing Machine 


The machine is capable of coating surfaces 16 ft 
long by 18 ft high in a single spraying sequence. All 
workpieces are presented so that the surface to be 
coated is vertical and parallel with the front face of the 
spraying machine; workpieces of greater length than 
the machine are presented to the spraying face in 
successive increments of 16 ft. Shorter pieces can also 
be accommodated without wasteful loss of overspray 
by a simple adjustment of the pistol traversing 
mechanism. 
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By W. E. Stanton 


By comparison with many existing spraying mach- 
ines the required coverage (sq.ft/hr) is quite small, and 
is easily accomplished by two nozzles, each spraying 
#; in. dia. wire. In operation the twin-nozzle pistol 
assembly is caused to scan the surface presented to the 
machine, commencing at the lower edge of the work- 
piece and proceeding through a succession of hori- 
zontal traverses, to the upper edge. At each reversal of 
direction the position of the nozzles in relation to the 
workpiece is automatically adjusted, so that the spray 
streams are directed onto an adjoining path. The 
coating is therefore applied in a succession of paralle! 
stripes in similar manner to the ploughing of a field. In 
the treatment of perfectly flat surfaces, re-direction of 
the nozzles is achieved by hoisting the whole traversing 
mechanism carrying the pistols by an amount equal 
to the width of one combined spray. However, many 
of the surfaces are of irregular profile, and in such 
cases re-direction of the nozzles becomes more 
complex. 

The most difficult profile is presented by the under- 
side of roadway deck plates, which have inverted 
reinforcement channels welded along their full length, 
in addition to longitudinal skirts welded to both 
edges at right angles to the major surface. A scale 
model of the machine has proved to be invaluable in 
solving initial design problems (Fig. 1). Re-direction of 
the nozzles for treatment of the upper and lower skirts 
involves vertical rotation through 180°, since the 
spray streams must be directed vertically downwards 
onto the inner surface of the lower skirt, and vertically 
upwards for treatment of the upper skirt. The channel 
walls are inclined outwards from the major surface so 
that the profile between adjacent channels takes the 
form of a trough 8 in. deep and 13 in. wide at the base, 
opening to 17 in. wide at the mouth. 

At each traverse of the twin nozzles a coating 8 in. 
wide is applied; thus, four traverses are sufficient for 
complete coverage of each trough provided that the 
nozzles are suitably positioned. This is achieved by 
pivoting them about a point midway between the 
channels, and at a distance of 11 in. from the base line. 
They are free to rotate in a vertical plane, but pro- 
vision is included for the pivot to be locked at positions 
of 50° and 15° above and below horizontal. A further 
lock is provided to secure the nozzles in the horizontal 
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1—Scale model of auto-pneumatic metal spraying machine for 
application to bridge deck plates 


position for the purpose of coating vertical surfaces. 
Between the coating of each trough, one traverse is 
required for treatment of the outer face of the channel 
web. This demands a double movement of the nozzles, 
consisting of a vertical hoist of 134 in., accompanied 
by a horizontal retraction of 8 in. Both the hoist 
register and horizontal motion are powered by 
separate air cylinders, whilst the hoist motor is con- 
trolled by a pressure switch. 

Further pneumatic mechanisms are provided to 
complete all movements necessary for re-directing the 
nozzles to meet the requirements of all types of work- 
pieces for which mechanized spraying is specified. In 
total, twelve separate pneumatic systems are built into 
the spraying machine, all of which are automatically 
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controlled, either individually or collectively, in any 
given sequence from a remote station. 


Auto-Pneumatic Control System 


The principle of the automatic control depends 
upon the restriction of a small bleed of compressed 
air, which is allowed to escape from certain types of 
pressure release valves. In its simplest form a pressure 
release valve consists of a housing carrying an inlet, 
an Outlet and a cylinder exhaust port (Fig. 2). A 
cylindrical valve member or piston is free to slide 
lengthwise in the housing, and is drilled in such a 
manner that a small amount of air flows from the 
inlet port to separate cavities at each end of the 
housing. When air is allowed to escape from only one 
of the cavities the pressure of air in the other is 
sufficient to force the valve piston to the opposite end 
of the housing. When the process is reversed, i.e., the 
open cavity is closed and vice versa, the valve piston 
returns to its former position. 

Conversion from manual to automatic operation of 
this type of valve is accomplished by the provision of a 
perforated sliding member, which allows air to 
escape first from one cavity and then the other. The 
sliding member may take the form of a perforated 
strip or belt, to which motion is applied either con- 
tinuously or intermittently. When continuous steady 
motion is applied the spacing of the perforations 
determines the intervals of time the valve is held in 
either the open or closed position. 

Three-way valves as described are suitable for feed- 
ing single-acting cylinders, but four-way valves 
capable of feeding double-acting cylinders operate on 
the same principle, and can be controlled automati- 
cally in similar fashion. Spring return valves are also 
used, in which case only one pressure cavity is con- 
trolled by the sliding member. When air from the 
pressure cavity escapes to atmosphere a compression 
spring forces the valve piston along the housing 
towards the cavity, while restriction of the escaping 
air allows sufficient pressure to build up to force the 
valve piston away from the cavity and compress the 
return spring. 

It will be clear that a sliding strip less than | in. 
wide carrying two rows of perforations is sufficient to 
control one valve. If, however, the pressure cavities of 
a number of valves are connected to a closely packed 
row of ports, a perforated strip of suitable width to 








2—Simple functional use of Maxam pressure-release operated valve 
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cover them all will simultaneously control the whole 
series of valves. Furthermore, no matter how often the 
perforated strip is passed over the pressure release 
ports, exactly the same sequence of valve settings will 
be repeated. An almost unlimited and entirely differ- 
ent set of sequences may thus be produced by means of 
suitably perforated control strips. 


Control strips 

Control strips for the existing machine are formed 
from } in. thick brass plates, 84 in. wide and 15- 
30 in. long, having serrations cut along both edges of 
the top face (Fig. 3). The serrations are provided to 
engage with a pair of ratchet pawls, which by means of 





3—Control strip being positioned 


a small air cylinder are rocked backwards and for- 
wards so that the control strip is propelled inter- 
mittently across the pressure release ports. Every 
forward movement is synchronized with a reversal of 
the pistol carrier. This is achieved by linking the pilot 
valve feeding the ratchet cylinder with the horizontal 
traversing stops. At each successive forward movement 
pressure release ports are exposed, which energize the 
mechanisms necessary to produce the pistol move- 
ments required for deposition onto the subsequent 
spray path. The auto-pneumatic control unit forms 
the centre piece of a remote panel (Fig. 4). 

In addition to auto control, provision is made for 
manual operation of the simpler movements by means 
of hand valves, which are inter-connected with the 
pressure release ports. This refinement allows for the 
mechanized treatment of many different types of work- 
piece that occur only once or twice in the bridge 
structure, and therefore do not justify the manufacture 
of control strips. Manual controls are limited to 
simple lifts and retraction through 8 in., together with 
rotation and locking at 50° above and below hori- 
zontal. Further hand controls would be superfluous, 
since One Operator could not cope simultaneously 
with more. 


Nozzle re-directing mechanisms 

It is pertinent, perhaps, to mention the various 
mechanisms by which movement and locking of the 
pistols in the various positions are obtained. 

As previously stated the basic nozzle movement 
consists of a succession of horizontal traverses alter- 
nately to left and right. This movement is obtained by 
means of a motorized four-wheel carriage or bogie 
running between twin tracks which are suspended 


parallel to the front face of the machine. A second pair 
of tracks extending from front to back of the bogie 
carry a similar wheeled bogie. Transverse horizontal 
motion is applied to this hogie by two air cylinders, the 
larger cylinder, 19 in. long, being secured to the lower 


bogie, and the smaller one, 8 in. long, to the transverse _ 


bogie. The cylinders lie horizontally opposed, with 
their piston rods connected. When both piston rods 
are fully extended, the nozzles are situated at the 
normal spraying position for the treatment of flat 
surfaces. But from this position they may be retracted 
by amounts of 8, 19, or 27 in. by suitably energizing 
the two cylinders. 

A secondary automatic control applied to these 
cylinders ensures that the pistols are instantly re- 
tracted should they be in danger of fouling any 
obstruction on the workpiece. This movement is 
initiated by slight pressure of the obstructing object 
against hinged panels at each side of the pistols. The 
panels are mechanically linked with simple spring- 
loaded valves, which are connected to the pressure 
cavities of the master valves feeding the two cylinders. 
The spring-loaded valves allow an escape of air in the 
same way as the auto control strip. 

Extending forwards from the transverse bogie, two 
arms carry pivot bearings at their extremities to 
support the spraying nozzles (Fig. 5). Rotation 
through 180° is imparted to the nozzles by a double- 
acting cylinder connected to a cranked shaft, which in 
turn is coupled by a chain and sprockets to the pivot 
shaft. One full stroke of the cylinder piston turns the 
nozzles through one half revolution but, to ensure that 
the crank does not approach dead centre, unequal 
sprockets are fitted so that it rotates through only one 
third revolution. The cranked arms may be held at 
various intermediate angles by slotted cams securely 
fitted to the shaft, and these engage with roller cam 
levers. A small air cylinder connected to each lever 
forces the lever roller on to the periphery of the cam. 
At the same time rotation is imparted to the cam by 





4— Auto-pneumatic control unit 
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the crank so that the rollers fall into the cam slots as 
they come into line—thus preventing further rotation. 
The positions of the cams when engaged with their 
associated roller levers determine the individual 
angles at which the nozzles may be held, and the angle 
required at any instance is obtained by energizing the 
rotation cylinder either forwards or backwards 
together with the appropriate cam cylinder. 

Vertical movement is provided to raise the nozzles 
successively in increments of 8, 11, or 133 in. Power 
for hoisting is provided by an electric motor, but the 
mechanism to determine the extent of each vertical 
movement depends upon three dry-plate clutches 
powered by pneumatic cylinders. The clutches are 
fixed to a common shaft, geared to the hoist drive, so 
that, with the exception of the friction plates, they are 
caused to rotate at a slow but proportionate speed 
when the hoist motor is running. Return springs 
normally hold the friction plates against a pre-set 
stop, but on supplying compressed air to the associated 
air cylinder, the plate also rotates to a position where 
an arm extending from it trips a limit switch, thus 
breaking the electrical circuit to the hoist motor. The 
amount of travel allowed by each clutch is determined 


$—Twin nozzles carried on extended 
arms 


by the angle of rotation between the pre-set stop and 
the point at which the limit switch is engaged. At the 
commencement of each hoisting cycle the motor 
circuit is closed by a pressure switch at the same 
instant that the required clutch cylinder is energized— 
both under the control of the control strip. 


Incidental refinements 

Difficulties are frequently experienced in maintain- 
ing a consistent reserve of free wire when spraying 
pistols are alternately travelling towards and away 
from the bulk wire supply. Motorized wire swifts 
overrun on the return movement, whilst swifts fitted 
with friction pads exert additional loads and promote 
unnecessary wear on the internal feed mechanism of 
the pistol. In the present case the difficulties were in- 
creased by the tortous path entailed in feeding the 
fs in. dia. wires from drums located outside the 
spraying machine. Initially the wires must pass 
vertically from the drums to a point high on the out- 
side wall, then horizontally for some distance to gain 
access to the inside of the machine. From there they 
must drape towards the rear of the transverse bogie, 
taking a right-angled bend towards the nozzles. A 























6—Earlier repetition spraying machine 


further complication arises in the constantly changing 
angle of approach at the rear of the nozzles owing to 
the 180° rotational movement. 

The essential requirements to overcome the diffi- 
culties were determined at the design stage by experi- 
ments with models and full-sized rigs. The rollers 
mounted vertically above the drums, together with the 
first pair inside the machine, are coated with resilient 
rubber, and are powered at a surface speed of 30 ft/min 

the fastest speed at which the wire is calculated to 
run. The remaining rollers mounted on the transverse 
bogie are plastic coated, apply a driving pressure to 
the wires, and are power driven at a surface speed 20 °% 
in excess of the positive feed-drive rollers, located 
immediately behind the nozzles. A certain amount of 
slip takes place at the plastic rollers, but the additional 
driving force applied counteracts the additional 


friction caused by flexible guide tubes, through which 
the wires continue their journey to the rear of the 
nozzles. 

Push-button ignition for metal spraying pistols is 
not new but brief mention is perhaps permissible 
since 


the remote control method in this instance 
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follows the pneumatic pattern. It was assumed that 
ignition should be incorporated in the auto control 
system and pneumatic means were adopted to provide 
simultaneously pilot jet gas and a high-frequency 
spark. In practice it became clear that the controls 
were best kept separate, since additional isolating 
hand valves were too easily left at the ‘ON’ or ‘OFF’ 
position at the wrong time. Occasions must arise 
when attention is necessary to either nozzles or 
mechanical equipment and under these circumstances 
ignition control by a separate spring-return push- 
button valve at the control panel proved to be the 
most foolproof arrangement. 

Progress in mechanical metal spraying as opposed 
to other surface treatment processes has been relatively 
slow owing to the limited field of application covered 
by each installation. A prolonged flow of identical 
articles has been necessary to justify the capital 
expenditure, and in many cases the plant has become 
virtually worthless when production of the article for 
which the machine was designed has ceased. Neverthe- 
less, mechanized spraying has shown rewards in 
uniformity of the product, tighter thickness control, 
savings in metal, gases and labour and greater 
productivity. An earlier repetition spraying machine is 
shown in Fig. 6. Synchronized air cylinders progres- 
sively raise and lower the pistol and position the box 
being treated. The auto-pneumatic control system 
offers flexibility giving a wider field to the user, 
together with more complete coverage of irregular 
articles and possibly greater savings in labour. To the 
machine designer auto-control in any form represents 
a contemporary weapon and a challenge to the 
imagination. 


Conclusion 


A great deal has been said about industrial auto- 
mation in recent years with particular reference to 
electronic methods. Magnetic relays, capacitor in- 
ductance circuits, transistors, etc., have made phenom- 
enal strides in this field but in whatever manner 
machines are controlled the mechanical engineering 
end, where the productive work is accomplished, is 
still the least dispensable. Mechanical methods of 
control are not outdated although some certainly need 
modification to meet present-day needs. It is inter- 
esting to recall that the first automatic device, credited 
to James Watt, still gives excellent service in control- 
ling the speed of steam engines. 
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Mild Steel Electrodes for Contact Welding 


The paper discusses the design and properties of mild steel electrodes 
for contact welding. Comparisons are made between non-contact and 
various designs of contact electrodes in respect of electrode and welding 
costs. Examples are given of applications and reductions in welding 
costs achieved with a contact metal powder electrode. 


By J. W. Addie, B.SC., A.M.INST.W. 


tion in direct proportion to its novelty. Though 

initial enthusiasm may be greater than war- 
ranted by the merit or scope of the process, eventually 
it finds its due place in the pattern of practice. Then 
another new process is announced and the sequence 
of events is repeated. 

In this background, manual arc welding has con- 
tinued as the major welding process for ferrous metals. 
New standards of quality, ease of use, and speed of 
deposition have been demanded and met. Con- 
sequently the newer processes have not easily dis- 
placed the ubiquitous welding operator, his welding 
set, and his electrodes. 

What features then have been responsible for the 
uninterrupted acceptance of the manual arc process? 
The essential merit of the welding electrode is flexi- 
bility in design to meet the varied demands in industry. 
Quality was advanced decidedly by the introduction of 
the low-hydrogen electrode with its advantages for 
work of major importance. More recently, electrodes 
suitable for welding with the coating in contact with 
the workpiece have been gaining acceptance. These 
‘contact’ electrodes satisfy the demands for ease of 
use and high deposition rate with equal or better 
quality compared with non-contact types. 


A WELDING process may be said to attract atten- 


Properties of Contact Electrodes 


The primary requirement for contact welding is the 
formation of a cup at the tip of the electrode. This cup 
acts as a crucible from which the products of fusion 
are discharged through the arc into the molten pool. 
The depth of the cup is desirably greater than the 
largest globule to be transferred to the molten pool, 
since this arrangement will eliminate short circuits as 
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soon as the cup is established. Conversely, the cup 
must be shallow enough to keep the arc voltage and 
therefore the arc force within practical limits. 

Arce voltage depends on: (i) thickness of coating; 
(ii) composition of coating; (iii) proportion of metal 
powder added to the coating; and (iv) current. Cup 
depth is affected by the thickness of coating and metal 
powder additions. 


Coating composition and thickness 


The two main types of coating applied to contact 
electrodes are: 


(i) Rutile type, producing a viscous slag 
(ii) Low-hydrogen type, producing a fluid slag. 


Both types allow of contact operation at quite low 
thicknesses; with a 6 s.w.g. core for example, a thick- 
ness of 0-04 in. suffices. The upper limit of thickness is 
decided by the greatest volume of slag that can be 
tolerated and by the highest arc voltage at which 
welds free from undercut and other defects can be 
made. For 6 s.w.g. electrodes welded at 250 amp the 
effect of coating thickness on arc voltage is shown in 
Fig. 1, and upon cup depth in Fig. 2. 
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1—Effect of coating thickness on arc voltage at 250 amp (6 s.w.g. 
electrodes) 
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2—-Effect of coating thickness on cup depth (6 s.w.g. electrodes) 
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The effect of coating thickness on the slope of the 
curves for arc voltage against current is shown in 
Fig. 4. With the rutile type the rate of change of arc 
voltage with current V/A rises slightly with increase in 
coating thickness. In contrast, for the low-hydrogen 
type, V/A rises sharply from 0-06 to 0-08 and then 
levels off at 0-08. 


Practical limits of arc voltage 

Experience has shown that satisfactory operation 
requires the arc voltage to be in the range 23-35 V. The 
lower limit is fixed by the need to avoid short circuits, 
and the upper limit is designed to avoid excessive arc 
force which causes undercut. 




































40 2 7 7 7 
(a) No metal | (b) 
> powder 
Ww 30r 7 4 7 
| - 
<4 er 50% metal 3—Volt/ampere characteristics for 6 
20} a powder s.w.g. electrodes: (a) 0-08 in. thick 
& rutile coating ; (b) 0-08 in. thick 
< low-hydrogen coating 
. 
| = i i Li. i. i 
00 200 300 400 100 200 300 400 
CURRENT , amp 
0:10 ¥ _ —— T Current 
Since arc force is proportional to current, an in- 
Low hydrogen crease in current results in faster flow of the molten 
a 00st coating metal from the pool to the weld bead, and the pool 
= itself shows greater concavity. Consequently arc length 
=. and arc voltage are greater but cup depth appears to 
5 be independent of current and almost completely 
> 0-06+ ; : dependent upon coating thickness. Each coating 
Rutile coating : ; : 
variant has its own working range of current, the 
maximum limit being set by overheating of the 
0-04 . . fs Zo electrode or by the onset of undercut. 
002 004 006 0-08 010 012 


COATING THICKNESS . in. 


4— Effect of coating thickness on slope of volt/ampere curves 


Metal powder additions 


Equal additions of metal powder to the rutile and 
the low-hydrogen type coatings have the same effect 
on their welding characteristics. Cup depth and arc 
voltage are reduced in proportion to the amount of 
powder added, and arc action becomes progressively 
quieter. At the same time, for a given coating thick- 
ness, the non-metal part of the coating, and therefore 
the slag, are of reduced volume. The upper limit of 
coating thickness is therefore extended by adding 
metal powder to the coating. 


Volt/ampere characteristics 


Comparisons of the volt/ampere characteristics are 
shown in Fig. 3 between electrodes with coatings con- 
taining no metal powder and the.same electrodes with 
coatings containing 50° metal powder. The addition 
of metal powder has reduced the arc voltage for both 
the rutile and low-hydrogen types but to a greater 
extent with the rutile type. 


Examples of coating design 


As well as composition, the main variables in 
design are thickness and metal powder content. With 
no metal powder in the coating only a limited increase 
in thickness over non-contact types is practicable. 
Progressive increases of metal powder in the coating 
permit proportionate increases in thickness to maxima 
fixed by the volume of slag that can be controlled or 
by the maximum arc voltage that can be tolerated. 
Three examples for 6 s.w.g. electrodes are listed in 
Table I. 


Table I 


Coating thickness limits 





Example | Example 2 Example 3 


Coating thickness, in. 0-055 0-075 0-08-0-10 
Metal powder in coating, % oe 40 50 
Current range, amp 200-260 225-305 250-350 
Normal current, amp 230 265 300 
Average arc voltage, V 25 27 29 
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Mechanical Properties of Contact Electrodes 


Tensile 

The tensile strength of all-weld-metal deposited by 
contact electrodes tends to be at the top end of the 
range for mild steel electrodes. As a result the ‘as 
welded’ elongation and reduction in area figures are at 
the lower end of the range, but a considerable im- 
provement occurs after stress relief or storage of the 
weld. The effect of duration of stress relief at 650°C. 
is shown in Table II. 


Table II 
Effect of stress relief on mechanical properties 





Time of Stress Yield Tensile Elong. Red. in 
Relief at 650°C. Strength, Strength, on 1-5 in., Area 
hr tons/sq.in. tons|sq.in. 4 y 
-- 31 35-5 24 38 
2 31 35-5 31 64 
10 29 34 33 66 
65 27 32 37 70 





For up to 10 hours stress relief the progressive 
improvement in properties is principally due to loss of 
hydrogen, and after 10 hours to spheroidization. 


Hot-crack resistance 


The higher tensile strength of contact type weld 
metal is, in some cases, due to a relatively high 
manganese content. The object of this feature of 
design is to impart a high degree of hot-crack resist- 
ance to the deposit by maintaining a high Mn/S 
ratio in the weld metal. This is of greater importance 
than with conventional electrodes since the weld 
sections deposited are generally smaller and their 
flatter shape gives smaller throat sizes. 


Notch ductility 


Energy-absorption/temperature characteristics of 
contact metal-powder type electrodes are similar to 
those of conventional types. The transition tempera- 
tures at 15 ft lb energy absorption on Charpy V-notch 


Table II 
Notch ductility of metal powder electrode deposits 





Coating Transition Temperature (15 ft lb) 





Rutile 10° to —20°C. 
Low-hydrogen 30° to —40°C. 
Table IV 


Deposition rates for metal powder electrodes 





Example 1 Example 2 
Coating thickness, in. 0-055 0-085 
Metal powder in coating, °% — 45 


Specific deposition rate per 100 amp, 

lb/hr 2:05 2:7 
Normal current, amp 230 300 
Deposition rate at normal current, 

Ib/hr 4-7 8-1 
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specimens from metal powder type electrodes, shown 
in Table III, illustrate this. 


Advantages of Contact Electrodes 


Welding performance 


With an appropriate slag, electrodes falling within 
the range of design given in the examples in Table I 
show distinct advantages over non-contact electrodes. 
These may be listed as follows: 


(i) Wasteful convexity in fillets is avoided, since the weld 
contour is flat 
(ii) The welding operation is easier using contact technique 
(iii) In spite of a high level of arc force, undercut is absent and 
deslagging is easier 
(iv) Spatter loss is lower, since short circuits by globules 
crossing the arc are eliminated. 


Deposition rates 

The metal powder electrodes show further advan- 
tages since, as the percentage of metal powder in the 
coating is raised, the maximum current that can be 
tolerated increases, and with it the rate at which the 
electrode fuses. As a result the rate at which metal can 
be deposited increases substantially, as shown in 
Table IV for 6 s.w.g. electrodes. 


Reduction in welding time 


Fillet welding data for the examples in Table IV 
are compared with those for a non-contact electrode 
in Fig. 5. The increased welding speeds for both the 
examples make possible substantial saving in welding 
time. 


Welding technique 

Contact electrodes can be used with contact or 
open-arc techniques. It is usual with the mild steel 
types to apply a contact technique in the first runs of 
fillets and butts and an open-are technique for 
subsequent runs. 

With a contact technique, travel speed should be 
14-2 times that for non-contact types to ensure that 
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Table V 
Comparative electrode costs 


Table VI 
Relative welding costs for single-run fillets 





Electrode 
Coating Metal Electrode Cost per 
Electrode Thickness, Powder, Cost per Unit Weight 

Type in. y 4 Length of Deposit 
Non-contact 0-035 100 100 
Contact | 0-055 - 134 134 
= 2 0-075 40 186 137 
3 0-09 50 224 138 





the close-following slag is kept under control. The 
effect of lengthening the arc is to increase the arc 
voltage and hence the energy driving the slag back. So 
with an open-arc technique travel speed should be up 
to 14 times the speed for non-contact types. 


Welding Costs 


Electrodes 


Contact electrodes with their thicker coatings cost 
more than non-contact types. Costs for the examples 
in Table I compared with that of a typical non-contact 
type are shown in Table V. The relative costs per unit 
weight of deposit are also listed. 

In view of the relatively higher electrode cost for 
contact and contact metal-powder electrodes, can a 
saving be effected in welding costs? 


Fillet welding 


Estimates of fillet welding costs based on a 40% 
duty cycle using 6 s.w.g. electrodes for single runs, 
with appropriate allowances for deslagging and 
changing electrodes, are listed on a relative basis in 
Table VI. 

The contact types show a decided advantage for 
fillets up to in. leg length, the example in Table VI 
being for } in. leg length. The reduction in costs for 
large multi-run fillets is much less, and may be of the 





Coating Labour and Total 
Thickness, Overhead Welding 





Electrode Type in. Cost Cost 
Non-contact 0-035 100 100 
Contact 0-055 77°5 85-5 
Contact: metal powder 0-085 56 67°5 

Table VII 


Relative welding costs for prepared butts 





Coating Labour and Total 
Thickness, Overhead Welding 


Electrode Type in. Cost Cost 
Non-contact 0-035 100 100 
Contact 0-055 92:5 99 
Contact metal powder 0-085 55-5 67°5 





order of 5-10°% for the metal powder type. The con- 
vexity of fillets with non-contact types is wasteful in 
welding single-runs but is an operational advantage in 
depositing multi-run welds. The latest brands of metal 
powder electrodes are much improved over those 
originally available in their ability to produce large 
multi-run welds of equal leg length. 


Butt welding 

Estimates of butt welding costs on the same basis as 
for fillet welding are listed in Table VII. 

Welding costs for butts show only a marginal 
difference between contact and non-contact types. 
When the surfaces of butt welds have to be finished, 
the saving in grinding costs may still justify the use of 
contact types. They may also be of value when their 
contribution to neater appearance, particularly after 
painting, is regarded as important. 


6—/2 ton mineral wagons 

















ADDIE: ELECTRODES FOR CONTACT WELDING 


Application of Contact Electrodes 


Types available 


A number of brands for welding mild and high- 
tensile steels are availabie in each of the categories 
shown in Table VIII. 


Table VIL 
Available types of contact electrode 





Type of Metal Powder, 6 s.w.g. Coating 
Category Coating 4 Thickness, in. 
1 Rutile — 0-05-0-06 
2 Rutile 40-50 0-08-0-09 
3 Low-hydrogen 20-30 0-07-0-08 





Metal powder is incorporated in smaller amounts in 
some coatings, since it is a good thermionic emitter and 
confers improved arc stability. Such types may or may 
not be suitable for contact operation but are beyond 
the scope of this paper. 


Non-metal powder types 

The non-metal powder type of electrode finds 
application mainly on relatively thin sections up to 
$ in. thickness, particularly where neatness and low 
cleaning costs are basic requirements and where fillets 
up to } in. leg length are specified. Some brands give 
self-slagging welds which commend their use from the 
viewpoints of welder appeal and economy. A dis- 
advantage is their higher cost for large multi-run fillets. 
Nevertheless their field of application is sufficiently 
large to make substantial savings possible. The weld- 
ing technique required is close enough to that for non- 
contact types to bring their successful application 
within the ability of operators already skilled in the 
use of non-contact types. 


Metal powder types 


The range of application in fillet welding for metal 
powder electrodes is similar to that for non-metal 
powder types. The rate of deposition is, however, 
much higher and justifies the application of the metal 
powder type to prepared butt joints. 

A major application is in repetition work on which 
the capital outlay for positioning equipment is justifi- 
able. Figure 6 shows an example of successful applica- 
tion to 12 ton mineral wagons for which the bodies are 
fabricated in } in. and 3 in. mild steel plate. The size 
of electrodes used throughout was 6 s.w.g., and weld- 
ing was carried out on a number of sub-assemblies 
positioned for welding in the flat and horizontal- 
vertical positions. A reduction in welding cost of 35 °% 
was achieved. In a further example, a 75% reduction 
in welding cost resulted from the use of metal powder 
electrodes with a simple manipulator for the hub- 
assembly of wagon wheels. Metal powder electrodes 
have also been successfully applied to 16 ton hopper 
wagon bodies fabricated in ; in. “‘Corten’ steel. 

Figure 7 shows the use of this type of electrode for 
boilers produced in large numbers for heating green- 
houses and for other purposes. Even without the use 
of positioning equipment a 10% reduction in cost was 


8—Repairs to chemical plant 


























9—Transformer tank 


obtained, and the number of leakage repairs found 
necessary was reduced from 10 to 2 leaks per 100 
boilers. 

Another useful application is for chemical plant 
repair work. For this, it is essential to return the plant 
to productive use in the shortest possible time. 
Figure 8 illustrates the type of work involved. 

In a large engineering works producing fabrications 
of up to 50 tons, metal powder electrodes constitute 
15% of the total amount used. It is planned to increase 
this figure eventually to 60%. A-large transformer 
tank (Fig. 9) and a tower for switchgear liquid con- 
troller (Fig. 10) are examples of equipment welded 
with this type of electrode. 

Experience shows that it is practicable to use the 
same core size or, in some cases, the next larger size of 
metal powder type as compared with conventional 
electrodes. Taking account of the metal powder 
content, this represents an equivalent size for the 
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10— Switchgear controller tower 


metal powder electrode of one or two sizes larger than 
the conventional type. This applies to the electrode 
sizes most commonly used—up to } in. dia. The -% in. 
and 3 in. sizes of the conventional type are of course 
used to a small extent, but their application is con- 
fined mainly to the flat position. A much larger pro- 
portion of work is welded in the horizontal-vertical 
position and it is for this work that the higher welding 
currents and higher deposition rates possible with 
metal powder electrodes have proved to be of such 
advantage. 

Improved types are constantly becoming available 
and it is foreseen that metal powder electrodes wiil 
largely supplant their conventional counterparts as 
soon as they exhibit equal versatility in respect of 
suitability for multi-run fillets. 
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BOOK REVIEW 


A. Vazsonyi: “Scientific Programming in Business and 
Industry”, London, 1960, Chapman & Hall Ltd. (John 
Wiley & Sons Inc.), 474 pp. (108s.) 


Although management cannot be reduced to a series of 
equations, many of the problems of business and industry 
can be solved by a variety of new techniques based on 
mathematics. 

These are now catalogued and described by A. Vazsonyi, 
in a way that the scientifically inclined manager or business 
man can understand. 

Most of these methods have been appearing in the 
Industrial Engineering and Operations Research literature 
over the past 20 years but so far have not been used very 
much in industry. 

This has partly been due to the lack of a book such as 
Mr. Vazsinyi now provides. Reading between the mathe- 
matics, it becomes clear that nearly every business has a 
choice of doing things in a number of different ways, and 
often only one of these ways will yield maximum profit. 


Management has first to discover where there are choices of 
action in the business. Next, adequate data about the 
factors affecting the choices must be made available. 
Correct application of the mathematical techniques then 
yields an answer. 

To make sure that answers are obtained quickly enough 
to enable profitable decisions to be taken, the techniques 
must often be harnessed to efficient data collection and 
processing, including electronic computers. 

The tools described by Mr. Vazsonyi include linear, 
convex and dynamic programming, the theory of games, 
statistical inventory control, machine shop and production 
scheduling. Few fabrication or engineering businesses 
could fail to find several applications that would be worth 
looking at. The book is well written and produced, deals 
adequately with the subject, and should be considered 
recommended, if not essential, reading for the scientific 
manager. 


A. G. THOMPSON 
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Automatic Tungsten-Arc Welding 
of Heat Exchangers 


(ESPECIALLY FEEDWATER HEATERS) 


By N.T. Burgess, A.1.M., A.M.INST.W. 


The development of satisfactory welding procedures for the welding of power- 
station feedwater heaters is described. Some early experiences with manual 
tungsten-arc welding are mentioned together with subsequent work on automatic 
welding guns. Some techniques devised in the U.S.A. have found use in the U.K. 
and note is made of American work in the welding of condensers. The processes 
described are well suited to the making of precision joints in tubular heat 
exchangers, and inspection methods are noted which should ensure reliability of 


plant in service. 


is by means of expansion, but with the availability 

of precision welding processes plant designers 
were able to consider this method to ensure a greater 
degree of reliability and leak tightness. For heat 
exchangers consisting of small-bore tube fixed into 
tube plate, of which the feedwater heater, condenser, 
and oil-cooler are typical, the argonarc welding 
process (hereinafter referred to as the tungsten-arc 
process) is particularly suitable, and this paper 
describes the development of satisfactory procedures 
for use in heat exchangers in the power generation 
industry. All the common engineering alloys can be 
welded in this manner but the choice of material is 
generally dictated by factors other than weldability. 


Ts conventional fixing of tubes into tube plates 


Early Work 


The inert-gas tungsten-arc welding process, using a 
non-consumable tungsten electrode in a shroud of 
argon, was first developed for the welding of magnes- 
ium and aluminium whose tenacious and protective 
oxide films prevented satisfactory welding by the 
conventional flux-covered processes. It was logical 
that this method of welding should be used quite early 
on for tubular aluminium alloy heat exchangers for 
the chemical industry. The process is equally suited for 
the welding of stainless steel, and again the construc- 
tion of tubular heat exchangers lent itself to the 
process. 

In power station feedwater heaters, boiler feed- 
water is passed into the tube nest through a water box 
and is heated by steam drawn from the turbine. Until 
recently, high-pressure feedheaters operated by the 
C.E.G.B. at about 1000 lb/sq.in. and at 400°F. on the 
water side have been built using tubes in various 
grades of cupro-nickel alloy, Monel, and mild steel, 


expanded into the tube plate. Modern power station 
practice calls for final feedwater temperatures up to 
about 500°F. and pressures up to about 3,000 Ib/sq.in. 
for which mild steel tubes and headers are specified 
with welding as the preferred method of tube fixing 
(Fig. 1). As in the chemical or petroleum industries, 
expansion is adequate for normal pressures but these 
conditions require that there should be no risk of 
leakage leading to plant shutdown. At first the answer 
seemed to be to seal the edges of tube and plate by 
means of a circumferential weld round the top of the 
tube. This involves the use of the weld as a seal only, 
strength being obtained by normal expansion. In the 
first welded heaters provided for the C.E.G.B. at 
Littlebrook Power Station this construction gave 
trouble owing to leakage through the weld. After plant 
shutdown, inspection revealed the presence of porosity 
in the weld bead which probably provided a ready path 
of failure. The weld preparation included a machined 
groove +; in. deep round the hole to provide a spigot 
of similar thickness to the tube to which it was welded. 
Tube plate distortion was avoided by staggering the 
welding sequence, and a +; in. filler wire was used. At 
this time the hydraulic pressure test was the main 
means of testing the weld. Although only a light 
expansion is normally given to the tube, consideration 
was given to a full expansion before welding to provide 
extra strength. In general, expansion of tube into 
header was considered necessary to prevent vibration 
and possible failure of the weld by fatigue. In addition, 
the tube has to be securely positioned for manual weld- 
ing. It was subsequently shown that this technique 
was responsible for the failures. 

Manual welds, using a high Si-Mn filler wire, had 
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produced visually satisfactory welds with an average 
of 2% leakages on pressure testing. The failures were 
considered to be due to ‘pin-hole’ porosity and no 
cracking was encountered. During construction re- 
welding took place until a full pressure test of long 
duration could be sustained. 





1—Typical feedwater heater tube nest 
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After the initial failures experimental work showed 
that sound welds could be produced by avoiding 
expansion before welding with tube positioning by 
tack welding. It was concluded that full expansion 
before welding probably trapped air or vaporized 
residual lubricant, or both, in or under the weld, and 
the expansion was then too tight to allow passage of 
air or vapours back down the tube as they expanded. 
It has therefore been necessary to recommend no 
expansion before welding but, if necessary to avoid 
vibration and possible corrosion fatigue, tubes may 
be given a /ight expansion afterwards. Care must be 
taken that, in doing this, no undue stress is placed on 
the weld itself. 

In other work in connection with heaters at Little- 
brook Power Station no filler metal was added, and 
the tube was welded flush with the machined spigot in 
the tube plate. This was welded after a light expansion 
(20 lb torque compared with 80 Ib for a full expansion). 
Again it was found that some porosity could occur, 
but this was generally associated with the crater, or 
with contamination by grease or moisture. Voltage 
step-down in conjunction with scrupulous cleanliness 
and steam jet cleaning etc. removed these causes and 
gave sound welds. 


Fatigue 

The removal of expansion lead to thoughts that 
fatigue of the weld might occur, and the C.E.G.B. 
undertook laboratory fatigue tests of some of the 
proposed joints (Table I). In other tests, carried out by 
the English Electric Co. Ltd., it was found that when 
the tube is free to vibrate failure can occur after some 
10,000-20,000 reversals of load. When the welds are 
annealed or softened after welding the life is increased 
to 14 million cycles. 


Experimental heater 

In conjunction with the English Electric Co. Ltd., 
the C.E.G.B. have installed a trial heater at Blackwall 
Point Power Station fabricated by manual tungsten arc 
welding. To support this a laboratory programme was 
carried out on test plates made by various tech- 
niques; the plates were then reduced in thickness to 





2—Test plate of edge welds for radiographic examination 
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Table I 
Fatigue properties of some internal bore welds compared with 
ordinary expanded joints 
Maximum Fibre Number of Cycles 
Joint Stress, tons/sq.in. x 10° Remarks 
1E 7-33 18-99 Unbroken 
- 9-11 48-44 - 
- 11-65 0-98 — 
2E 9-82 9-99 — 
3E 8-19 22-49 Unbroken 
Pe 9-58 18-71 ” 
" 11-55 2:26 — 
4E 10-59 2:26 — 
5E 10-18 49-20 Unbroken 
se 10-96 2:27 — 
6E 10-60 4-32 _— 
IW! 10-60 20-80 Unbroken 
en 12-34 50-80 “ 
14-15 35-56 
15-16 5-36 os 
= 18-04 0-41 — 
2Wl 16-90 1-67 — 
3WIl 17-84 2-03 — 
4wil 17-08 2-35 — 
5Wl 16-67 3-16 — 
6Wl 16°91 2-68 — 





make them amenable to radiography (Fig. 2). At the 
Outset it was found that simple macro-sectiOns of 
welds were not a satisfactory guide to weld quality. 
After radiography the welds were ground down pro- 
gressively to remove 0-010 in. of metal at each cut so 
as to reveal any defects through the depth of the weld. 
Welds were made on semi-killed steel plate, and pull- 
out strengths varied between 6,000 and 8,000 Ib. 

The experiments showed that considerable amounts 
of porosity could arise if cleaning was not adequate, 
and repeat welds made under clean conditions re- 
moved most of the porosity. (Fig. 3 shows the type 
of porosity occurring in similar work on this topic.) 
But it was difficult to avoid all porosity unless the 
correct welding conditions were automatically con- 
trolled. Any porosity present was probably a result of 
the CO/CO, reaction and accordingly experimental 
welds were made with the addition of deoxidants. A 
single coating of aluminium paint improved the 
quality but the technique is not reproducible and is not 
consistent in its results. A preplaced ring of filler metal 
containing deoxidizing elements was successful in 
removing all traces of porosity. 

To assist positioning of the tube in the tube plate 
for welding, the heater was arranged horizontally, 
welding being carried out in the vertical position using 
a pencil torch at about 90 amp. Toassess the benefits of 
expansion, only one half of the heater tubes were 
expanded after welding. The heater was further 
divided into quadrants, half of the welds being post- 
heated after welding in an attempt to reduce the 
likelihood of hard spots. Inspection was by dye 
penetrants followed by complete hydraulic testing of 
the finished heater. 

After 220 hr service some leakage occurred at three 
out of 600 welds. In two instances this was due to a 
fault in machining which gave a too thin lip of metal, 


3—Radiograph of 16 half welds, showing porosity~at joint line 
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4—Radiograph of oxy-acetylene weids. (The spurious black spots are lead fragments) 


and in the third it was due to an isolated patch of 
porosity that would probably be avoided by the use of 
automatic welding. Repairs were effected by metal-arc 
welding and, after further work, leak tight welds 
resulted. No conclusion could be reached on the 
benefits of expansion and post-heating, for the failures 
were not indicative, but the heater has now com- 
pleted several thousand hours service. 

Difficulty in repair can be experienced owing to the 
presence, between tube and tube plate, of moisture and 
rust which is difficult to remove prior to re-welding. 
Some local heating is therefore recommended before 
repair. 


Other experimental work 

Work in Germany*:* has confirmed that there is 
porosity when expansion is done before welding. A 
series of tests showed that any residual moisture 
between tube and plate evaporates during welding and 
that residual air expands and remains sealed in the 
weld. Further tests, comparing oxy-acetylene welds 
with tungsten-arc welds, show greater porosity in the 
latter, presumably because the top crust of the weld 


freezes more quickly than with oxy-acetylene, so 
entrapping any gas. In Germany, therefore, gas welding 
of tubes to the tube plate is recommended. 

Several individual studies have been made of the 
welding of mild steel heaters, and before tungsten-arc 
welding was agreed on as the best method, metal-arc, 
oxy-acetylene, and atomic hydrogen welding were all 
proposed as a solution to the problems. Metal-arc 
welding, using a bulky electrode, is not applicable to 
small peripheral welds of this type and cannot be 
suitably mechanized. Such test welds as were made 
indicate satisfactory penetration and fusion but also a 
rough exterior finish which might impede fluid flow. 

As mentioned previously, oxy-acetylene welding has 
been shown to produce good welds,” although this 
process also is not really adaptable to mechanization. 
The greater heat input involved in obtaining fusion 
provides a longer solidification period during which 
the weld can release gas or other impurities that may 
be otherwise trapped by a fast-freezing weld. The 
hardness of such welds is also reduced. The atomic 
hydrogen process has been used in making experi- 
mental welds but results are not as good as with other 
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4—Radiograph of atomic hydrogen welds showing dispersed porosity. (The spurious black spots are lead fragments) 


methods, although the process lends itself to small 
detail welds of this type. Figure 4 is a radiograph of 
welds made by oxy-acetylene and atomic hydrogen 
welding. 


Internal Bore Welding 


Following the experiences mentioned, the manu- 
facturers of feed-heating plant have given considera- 
tion to producing welds automatically. With up to 
1,000 precision welds per heat exchanger, welder 
fatigue using a manual process is a likely source of 
defective welds. In addition, consistency of weld 
quality and speed of welding are significant factors in 
choosing an automatic process. The C.E.G.B. were 
approached by Foster Wheeler Ltd. to decide whether 
an internal bore automatic tungsten-are process they 
had developed for heat exchangers for nuclear purposes 
would be suitable. 

This process relies on the butt welding of small bore 
tubes from the inside of the tube (Fig. 5). The torch 
assembly consists of a tungsten electrode arranged to 
project at right angles through an opening in the wall 


of a tubular housing, which is located co-axially in the 
tube. The assembly incorporates the supply of electric 
current, argon gas, and cooling water. Control is 
automatic and, once the conditions are established, a 


Tubeplate 
Tungsten 
electrode 








Argon 
5—Principles o 
internal bore Tube 8 
welding : rass 
welding. Ceramic locating 
tube piece 
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series of welds can be completed by pressing a starter 
button at the commencement of the welding sequence. 
Satisfactory welds have been made in a range of 








(d) 
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materials, but for current feedheaters the tubes and 
plate would invariably be of mild steel. An internally 
welded tube bundle is shown in Fig. 6. 

Examination of early samples indicated that hard 
zones could occur in the weld and in the H.A.Z. 
owing to the excessive chilling of the small weld zone 
by the solid metal of the header plate. Typical micro- 
sections are given in Fig. 7. 

Three methods exist for reducing hardness: 


(i) Limitation of the carbon content 
(ii) Preheat-treatment of the joint to avoid excessive chilling 
(iii) Use of a higher stub so that chilling will be less. 


A series of experiments were carried out using pre- 
heat temperatures of 200° and 400°F. in an attempt to 
reduce the hardness of the zones. However, in this 
instance a reduction of only 20-30 points in hardness 
resulted, and an increase in stub height offered a 
better solution. 

A suitable composition of plate and tube would be 
as follows: 


% Si,% %S,% P,% Mn, % 
Tube 0-14 0-13 0-018 0-023 0-61 
Plate 0-18 0-10 0-029 0-016 0-63 


6—ZJnternally welded tube bundle exhibited at ‘* Atoms fer Peace” 
Exhibition, Geneva, 1958 





7—Microsections across weld area of 
internal bore weld in mild steel; (a) Tube 
material; (b) tube H.A.Z.; (c) weld 
— (d) bar H.A. Z.; (e) bar material 
x15 
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It is not, however, always practical to restrict the 
carbon too far and preheating can introduce extra cost 
and delay. Hot cracks (Fig. 8) can occur if the chem- 
ical composition of the plate is not controlled or if the 
parent metal hardness is excessive, so that plate 
should be in the normalized rather than the ‘as rolled’ 
condition. Careful attention to welding variables and 
cleanliness can usually overcome many difficulties. 
Porosity has not so far been a problem with internally 
made welds. Sound welds have been produced in tubes 
up to 1} in. o.d., and an advantage of this process is 
that the proximity of other tubes does not restrict 
welding. 

The process is attractive because it offers a method 
of butt welding tubes to headers and, on past experi- 
ence, less trouble has been experienced with this type 
of weld than with fillet or edge welds. Each weld is a 
full strength weld with no notches which might 
initiate a crack, and the design is such that no crevice 
exists between tube and plate. Also the holes in the 
tube plate are reduced in diameter. Ligament strength 
is thus improved resulting in a thinner tube plate, or 
alternatively a smaller diameter tube plate because of 
the closer tube pitch. 

The C.E.G.B. undertook fatigue tests on a small 
number of tubes and it soon became apparent that the 
radius at the root of the preparation must be a 
minimum of } in. or fracture would occur at this point. 
With properly machined test pieces fracture normally 
occurs above the weld in the tube but on some 
specimens failure started at the toe of the weld. 
Typical fatigue data for such welds, compared with 
conventional expanded joints, are given in Table I. 

It is suggested that tube bundles should be welded in 
the vertical position to provide easier fit-up and to 
enable flux to be placed round the welds. It is of 
prime importance that the exact location of the 
tungsten arc relative to the abutting faces should be 
determined accurately to enable full penetration to be 
achieved, and distance pieces are used for accurate 
positioning. 





8—Hot cracking in high carbon plate 





“i 


9—Bend tests on 1% Cr-}% Mo tubes (1} in.o.d. 8 s.w.g.) to 
mild steel base 


Absolute cleanliness is also essential, for dirt and 
grease cause defects in the weld that are not tolerable. 
Tubes should be degreased with acetone or carbon 
tetrachloride after they are threaded through the 
baffle plates and immediately before welding. A flux 
surrounds a number of the welds in position, the gun 
is inserted into the first tube and the welding sequence 
is set in motion. For example the current for welding a 
12 gauge tube to a plate with a } in. stub is likely to be 
70-90 amp. The cycle is carefully timed, a typical 
sequence being: 


— 




















| Complete welding cycle | 
Argon Argon 
preflow Argon flow post Siow 
15sec [Penetration Arc deca 
y 
| ed Arc cycle 65 sec period 15 sec 
5 sec Reset arc 
ARGON One revolution decey 1S sec 











CURRENT 


MOTOR 


The de-superheating section of a high-pressure heater 
at Northfleet power station and a h.p. feedheater at 
Aberthaw power station will shortly be in service 
with tube joints welded by the internal bore method. 

Experience with this technique has also been 
gained during the welding of marine steam generators. 
In this case the components were in a 1 % Cr—}°% Mo 
alloy steel, and no significant troubles have been 
reported (Fig. 9 indicates the ductility of the weld). 
Owing to the severe risks involved if leakage through 
the joints occurred, strict quality control methods 
were exercised throughout production in respect of 
clean working conditions and materials. In addition, 
all joints were tested by halogen leak testing methods 
mentioned later. 


Revere Process 


In America, most developments in this field have 
been centred round the welding of copper alloys, 
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10—Revere welding gun 
» 


which are widely used for feedheating and condensing 
plant. The copper and brass companies have therefore 
developed welding procedures and will undertake con- 
struction and maintenance of copper alloy plant as a 
service to the user. 

Revere Copper and Brass Incorporated have 
directed much attention to this activity and full 
reports of their work are available*°. Their process is 
licensed in the U.K. by Heat Exchangers Ltd. (a 
subsidiary of the Superheater Company) who, whilst 
they have experience of the technique on several 
different materials, also draw on Revere for full 
technical information (Fig. 10). 

The first British use of the process was for three 
large heat exchangers (involving 24,000 welds) which 
were constructed here during 1960. These were in 
18/8 stainless steel and involved tubes | in. o.d. » 
16 s.w.g., the construction being to insurance company 
approval. 





11—-Welds between cupro-nickel tubes and mild steel plate 
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Monel and Inconel heat exchangers have also been 
welded by this process using a filler ring. Other 
relatively ‘clean’ materials are readily welded by the 
process, which does not normally need a filler (Fig. 11). 
Much development work has been directed towards 
obtaining efficient welds by experimenting with | 
different weld preparations. The preparation of tube 
and plate that has been found to give reliable welds 
with minimum machining costs is illustrated in Fig. 12. 
The cutting angle of a Standard American drill is 82° 
and any defective welds can therefore be removed 
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Q.Dot tube| +-00¢ reamed 


2—Plate and tube preparation specified for use with Revere 
process 





rapidly and cleanly. In the U.S.A., a test weld was 
drilled and rewelded 21 times to establish the suit- 
ability of this procedure for repair purposes. The 
absence of a machined spigot or stub would seem to 
avoid the risk of dirt entrapment before welding. 

Some manufacturers of feedheating plant have 
shown interest in this process for the welding of high- 
pressure, mild steel tubed feedheaters and they, 
together with the C.E.G.B. have examined a large 
number of welds. Experience with the use of this pro- 
cess on mild steel is, however, limited to the U.K. 
and more work is required before it becomes as widely 
used with steel as it is with the non-ferrous metals. 

In connection with development work for the h.p. 
feedheaters for Richborough Power Station, a test 
plate comprising 33 welds has been made. The tube 
plate was 3% in. thick by 10 in. dia. in a steel of the 
following composition: 

c.3 Si, % 


; Bar &Fs | 
0- 17° 0-24 


0-091 0-031 0-046 


A small V was machined round the lip of the tube 
hole, ; in. deep and 45° round the periphery. This 
was the only preparation, and the tubes were then 
located by means of a light swageing with a hammer 
and a tapered plug and welded at about 115 amp 
d.c. 

This sample plate was hydraulically tested at 
1,500 Ib/sq.in. for 24 hr with no sign of leakage. For a 
brief period during this test the pressure was raised to 
2,000 Ib/sq.in. A sensitive leak test was carried out in 
which a gas comprising 90% nitrogen and 10% N,O 
was passed into the test unit at 1,000 Ib/sq.in. Using a 
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Speedivac gas detector no leaks could be detected over 
the test period. Pressure was applied to the outside of 
the tubes and the probe was applied to the surface of 
the weld. This test was repeated after the tubes had 
been expanded into the header, again with no evidence 
of leakage. 

Push-out tests (under loads of 3-4 tons) were carried 
out on a selection of welds, and in each case failure 
occurred in the tube rather than at the weld. Radio- 
graphy of the welds, carried out by thinning the tube 
plate to } in., indicated slight porosity in two of the 
welds, but in each case this was associated with the 
current decay point, occurring after a full circle had 
been welded. This should be overcome by suitable 
adjustment of mechanical and electrical controls. 

In the initial trials a hardness exploration indicated 
that the weld metal can in some circumstances have a 
hardness of up to 350 D.P.N. These levels are un- 
acceptable for service conditions where fatigue or 
thermal shock could initiate a failure in a brittle type 
material. Further tube plates have now been welded 
using various degrees of preheat in an attempt to 
reduce the hardness peaks in the heat affected zone. 
Figure 13 indicates very roughly the pattern of hard- 
ness values and confirms that a preheat of 200°C. is 
required to obtain acceptable levels of hardness where 
control of composition does not achieve this effect. 


Other British Developments in Automatic Welding 


A.E.I. Ltd. have developed an automatic welding 
gun and a procedure based on their considerable 
experience with manual welding. This uses d.c., with 
the electrode negative, together with a _ thoriated 
tungsten electrode. No preheating is required, the 
sequence of welding being carefully controlled to 
keep distortion to a minimum and to avoid defects. 

The English Electric Co. Ltd., following on work 
mentioned earlier, have also developed an automatic 
gun that is used with a filler ring to achieve optimum 
soundness. 


American Developments 


At the Knolls Atomic Power Laboratory in America 
techniques developed originally by Griscom-Russel 
Co. have been tried for tube to tube sheet joints for 
nuclear plant heat exchangers.’ Type 347 stainless steel 
tubes and sheet have been internally welded in this 
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13—Effect of preheat on hardness in weld and H.A.Z. 








14—Automatic gun produced by A.M.E. Co. in America 


manner in sizes down to } in. i.d. All welds passed the 
crack detection and leak tests but X-ray techniques 
were not considered to be reliable. In tensile tests, 
strengths up to 40 tons/sq.in. (equal to that of an- 
nealed parent metal) were realized with fracture in the 
softer weld metal. Typical conditions for stainless steel 
in these dimensions are: 


Argon Current Arc length Rotation Weld 
flow (d.c. elec.-ve) Speed 
6 cu.ft/min 29-3l amp 0-020in. 10sec 7-5 in./min 


Welding condensers 

The design and operation of modern power plant 
requires that tubes in condensers should be installed 
permanently tight to prevent contamination of the 
boiler feed water. Welding ensures this and a mechan- 
ized process must be employed to produce consistently 
high quality joints. 

The availability of automatic welding guns in the 
U.S.A. has already been mentioned. Figure 14 shows 
one such gun provided by Automation Machines and 
Equipment Co. Wisconsin, U.S.A. Good results are 
claimed for the welding of cupro-nickel to cupro- 
nickel and cupro-nickel to steel. With the gun illus- 
trated the electrode is mounted perpendicular to the 
plate surface. Welds are relatively shallow especially if 
heat input and arc path are adjusted to avoid weld 
overhang that would obstruct the bore. Absence of 
filler metal that would help bridge the joints requires 
that tubes should be tight against the hole walls, other- 
wise tubes and plate melt separately and will not fuse 
together. Welding is by electrode negative d.c., which 
gives maximum life to the tungsten electrode, resulting 
in more reliable welds over the production period. 

Most condensers are Admiralty Brass or aluminium 
brass tubes in plates of similar material. Admiralty 
Brass tubes have been welded to Naval Brass plates in 
many instances (Fig. 15). Other copper alloy combina- 
tions can be successfully welded but arc length must be 
controlled more closely and there may be difficulty in 
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15—Weld between arsenical Admiralty Brass tubes and Naval 
Brass tube sheets 


making repair welds. Zinc-bearing alloys are difficult 
to weld with direct current, but a.c. can be used 
successfully especially if the gas shield is argon plus 
helium, although the method is not feasible for site 
welding. A readily welded tube plate material is 
silicon bronze, but British condenser plate manu- 
facturers are unable to supply this material in the 
required sizes at present. Weldability is improved by 
the lower conductivity and absence of zinc in the 
silicon bronze, and penetration is reported to be 
greater with higher strength and smooth contours, 
even when the material is welded in the vertical posi- 
tion normally required for site welding of condensers. 
In American practice for copper alloy tubes to steel 
headers a barrier layer of metal (generally nickel) is 
used and is first deposited on to the steel header plate. 
Monel is also used for this purpose. Overlaying is local 
to tube holes or is general, using automatic inert-gas 
consumable-electrode or metal-arc processes. 


Inspection of Welds 


Although welds can be visually examined and the 
extent of penetration confirmed it should be possible 
to inspect the weld by a non-destructive method, and 
the C.E.G.B. Research Laboratories are currently 
looking into this. 

A small dental X-ray or gamma-ray probe placed 
inside the tube might be applicable to the inspection of 
internal bore welds. Alternatively a representative 
number of welds could be radiographed by placing a 
film behind, say, twelve tubes and introducing the 
X-rays at an angle. If this were done only for the 
initial production runs, careful control subsequently 
should ensure that all the welds are of similar quality. 
At present, however, inspection is mainly visual, using 
an ‘Introscope’ tube viewer coupled with leak testing 
devices that are extremely sensitive. The halogen 
‘sniffer’ technique uses a sensitized cell to record the 
presence of halogen leaking through the weld under 
pressure and this can be measured audibly or visually. 
Nitrous oxide gas is used in a similar way. With edge 
welds similar techniques are being used. 

An ultrasonic method has also been developed by 
Sproule® involving an immersion technique in which 
longitudinal waves are reflected from an aluminium 
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block in the bore of the tube into the centre of the 
small weld bead. By rotating the probe, which is 
placed centrally above the weld, the beam scans the 
whole circumference of the weld and defects can be 
recorded on an oscilloscope. At the present time the 
results from the use of the technique have not been 
conclusive however and work is still continuing. The ~ 
instrument is very sensitive and the internal bore of the 
tube has to be very clean to obtain satisfactory results. 
Final testing of welded feedheaters is by conventional 
methods for a pressure component of this type and a 
hydraulic test is a final check that welded joints made 
by any of the recently developed methods are sound 
and capable of giving reliable service. 


Conclusions 


This paper has summarized developments in the 
automatic welding of certain types of heat exchanger. 
Experience to the present time has shown that welding 
is an acceptable method of fixing tubes into tube plate 
but that close attention to welding procedures is 
essential. Automatic control of the tungsten-arc 
welding process enables high quality welds to be made 
which are substantially free from porosity and entirely 
free from cracks. 

Although manually welded heat exchangers have 
been in use for many years in the U.K. the first 
automatically welded feedwater heaters will only come 
into use during 1961. The experience gained in their 
construction and successful operation will be of value 
in other high-pressure components and in the use of 
these automatic welding methods in other fields. 
Meanwhile experimental work to improve still further 
the reliability of welds is continuing in the laboratories 
of the manufacturers and the Central Electricity 
Generating Board. 
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Mild Steel Welding with 
Argon/CO, Mixtures 


Investigations into the performance of mixtures of argon and CO, for the bare 
wire gas-shielded welding of mild steel show that these mixtures, in the range 
containing 20-25°% CO,, have features not possessed effectively by either 


argon/O, or CO,. 


Weld bead shape is better than with either of the constituent gases. For 
welding with the metal being transferred under free flight conditions, a spray 
type of transfer can be obtained, and in dip transfer welding stable conditions 
can be obtained at voltages 2-3 V lower than with CO . 

These features lead to economic advantages over the use of CO, for welding 
sheet metal and to operational advantages for welding plate } in. thick and over. 


electrode wire and protective gas shield stems 

from the discovery that in an inert gas the mode 
of metal transfer from the electrode is greatly affected 
by both the electrode polarity and the current density 
in the electrode. With the electrode connected to the 
positive pole. of a d.c. power source and a current 
density of the order of 50,000 amp/sq.in. or more it 
was found that aluminium could be deposited in a fine 
spray of droplets producing sound, good looking 
welds. 

Before this new process could be applied success- 
fully to mild steel fabrication two problems had to be 
solved—how to cope with the oxygen present in 
rimming quality and semi-killed steels, and how to 
improve the wetting action to prevent a tendency 
towards undercutting. These difficulties were over- 
come by using highly deoxidised filler wires and a 
mixture of a small percentage of oxygen in the argon, 
whereby the process was capable of producing high- 
quality welds in commercial qualities of steel. 

The principal limitation then became an economic 
one since, although the bare-wire process offered 
higher deposition speeds, the saving in labour and 
overheads was offset by the higher combined cost of 
consumables, and the resultant economy compared 
with manual electrodes tended to be marginal. This 
led to the use of CO, as a shielding gas in place of 
argon/O,, and some applications were established 
which were economical as well as technically satis- 
factory. Widespread use of the process has however 
been restricted, principally owing to the limited range 
of welding conditions over which spatter can be kept 
to a minimum, and acceptable weld shape and quality 
maintained. 

Investigations into the effects of mixing argon and 
CO, were reported as early as 1956.1 In Britain more 
thorough investigations into the potential advantages 


Te successful use of metal-arc welding with a bare 


of using argon/CO, mixtures were given considerable 
impetus by the development of new equipment for 
feeding fine wires, and new types of power sources.? In 
recent months their use has grown intensively in the 
U.S.A. particularly for welding mild steel sheet, while 
some use has been made in Germany’ of a gas mixture 
containing oxygen in addition to argon and CQ,. 

These mixtures have been found to have many of 
the best characteristics of their constituent gases, and 
this paper describes work done to examine the tech- 
nical features of these mixtures more closely, to find 
an optimum composition, and to compare its merits 
with those of argon/O, and CO, shielding gases. 


General Procedure, Materials and Equipment 
Used 


Preliminary work indicated that the gas mixtures 
that gave the best overall welding performance con- 
tained from 12 to 25% COg,, and the present investiga- 
tion covers a closer examination of the performance of 
a number of gas mixtures in this range. The gas 
mixture that gave the best results was then compared 
with CO, and standard argon/O, mixtures (Table I). 

Tests were carried out with a variety of welding 
equipment. For semi-automatic welding portable 
push-type wire feed units were extensively employed 
with both lightweight and heavy-duty torches, and 
also self-contained lightweight guns. For fully auto- 
matic welding a standard welding head, a specially 
designed and fully instrumented automatic head, and 
a tractor-mounted self-contained gun were used. 

The principal power sources used were constant 
potential and shallow drooping transformer rectifiers 
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Table I Table Il 
Gas mixtures used Typical plate analyses 
Nominal Percentage No. cx Mn,% Si,% S,% P, % Classification 
No 4rgon Carbon Dioxide Oxygen P.1 0-19 0-40 0-054 0-024 0-028 Balanced 
l 98 - 2 P.2 0-12 0-44 0-02 0-054 0-057 Balanced 
2 95 5 P.3 0-10 0-65 0-05 0-027 0-02 Balanced 
3 85 15 P.4 0-10 0:36 «60-01 0-041 0-01 Rimming 
4 85 13 2 P.5 0-15 0-83 0-10 0-029 0-025 Fully killed 
5 80 20 P.6 0:047 0-36 0-002 0-028 0-011 Rimming 
6 80 18 2 P.7 0-106 0-78 0-03 0-023 0-033 Balanced 
7 80 15 5 P.8 0-19 0-59 0-025 0-031 0-025 Balanced 
8 75 25 P.9 0-17 0-63 0-22 0-031 0-019 Fully killed 
9 75 23 2 P.10 0-24 1-68 0-21 0-039 0-035 Fully killed 
10 100 P.11 0-51 0:95 0-25 0-029 0-026 Fully killed 
Table II 
Wire analyses 
No. Cee a oe oe rr. % Others 
E.1 0-08 1:35 0-61 0-012 0-017 Ti=0-095% 
Al=0-05% 
Zr=0-07% 
(a) E.2 0-08 1:23 0-67 0-009 0-016 Ti=0-10% 
Al=0-09% 
Zr=0-09% 
E.3 1:43 0-74 0-035 0-012 Al=0-03% 
E.4 0-10 1-41 0-92 0-029 0-013 
E.S 0:99 0:26 0-016 <0-021 











(d) 


1—Weld bead profiles: (a) 98% A, 2% Oz; (b) 85% A, 13% CO., 2% O2; (c) 80% A, 20% CO,; 
(d) 75% A, 25% CO;; (e) 100% CO, 
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for the higher currents, and slope-controlled trans- 
former rectifiers for dip transfer welding. 

For measurement of current and voltage both direct 
reading and recording instruments were used, cali- 
brated against precision grade instruments. Where 
particularly accurate measurements of wire and 
traverse speeds were necessary they were made by 
means of stroboscopic discs on the driving motors. 

Metal transfer was studied both by means of an 
oscilloscope and by high-speed photography, using a 
high-speed camera capable of framing rates of up to 
4000 per second. 

The compositions of the plate materials and wires 
used are given in Tables II and III. 


Comparative Tests with Argon/CO, and Argon/CO,/O, 
Mixtures 


The tests to determine the best gas mixture were 
carried out using dip globular and spray modes of 
metal transfer. 


Bead shape 

Bead-on-plate runs were made at a current of 370 
amp using 7 in. electrode El (Table III), the traverse 
speed being adjusted to give a constant reinforcement. 
Semi-killed plate Pl (Table II) ? in. thick was used as 
the workpiece, since it was thick enough to avoid any 
interference with weld bead shape by change of heat 
transfer characteristics with change in penetration. 

Bead widths were not significantly different for the 
seven gas mixtures at the same voltage, but with a 
given gas bead width increased with voltage. Penetra- 
tion decreased with increase of voltage, and for a given 
voltage was not markedly different for any of the 
seven gas mixtures. There was also little difference in 
the ratio of bead width to penetration, it being between 
3-0 ard 3-5 over the useful range of welding conditions. 
The ratio of reinforcement area to penetration area 
was about 0-6 for all mixtures. 

In general these results showed that the effect of 
argon/CO, mixtures, with or without oxygen, is much 
as would be expected from the arc characteristics of 
the component gases. The pronounced finger-type 
penetration obtained with argon, which, it has been 
suggested, is due to the plasma jets associated with the 
sharply defined ionization core characteristic of a 
monatomic gas,‘ is modified as the amount of poly- 
atomic CO, is increased. When there is 100% CO, 
present a deep general penetration is produced. This is 
shown in Fig. | where finger penetration is present 
with argon/O,, just noticeable with argon/15°% CO, 
and absent thereafter with increasing CO,. The 
absence of undercut and good bead shape with the 
mixtures is noteworthy. There was no significant 
difference in any of the results when oxygen was 
substituted for CO, in amounts up to 5%. 


Droplet transfer rate 

The investigation on this aspect was done by using 
high-speed cinematography and oscillographic exam- 
ination of the variation in arc voltage caused by the 
detachment of a droplet. A selection of the results 
obtained is given in Fig. 2. For all the argon/CO, 
mixtures, with or without oxygen, the mode of metal 
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transfer at lower currents was globular as with CO, 
but the transfer rate was higher, increasing with 
reduction in the percentage of CO,. As with the bead 
shape tests, there was no difference in the results when 
oxygen was substituted for CO, in amounts up to 5%. 

At currents in the region of 440 amp for 4 in. 
electrode and 220 amp for 4 in. electrode a marked 
change in the mode of metal transfer took place. The 
electrode tip became tapered and the metal streamed 
off at a high rate. The onset of this type of metal 
transfer was affected by the value of arc voltage as well 
as arc current. With both sizes of electrode it was diffi- 
cult to arrive at any reliable figure for the droplet 
transfer rate under these conditions but it was 
extremely high. 

In dip transfer welding the frequency of metal 
transfer is the same as the short-circuit frequency and 
this did not alter greatly with gas mixture. 


Spatter and vaporization loss 

The total metal loss was determined by depositing 
a bead on a previously weighed plate, all but the 
immediate weld zone being protected from the 
adherence of spatter by adhesive glass fibre tape. This 
tape was removed after depositing the bead and before 
the plates were re-weighed. A ; in. electrode was 
used with a fairly long arc to give conditions of high 
loss. 

There was no appreciable alteration in metal loss 
with change in gas mixture, the general level being 
rather higher than with argon/O,. In dip transfer 
welding also there was no significant change in metal 
loss with change in gas mixture. 


Fillet weld tests 

Horizontal-vertical fillet welds were selected for 
practical comparative tests because they are so widely 
used in practice and because differences in weld 
profile and finish can be more readily detected than 
with butt welds. 

On 16 s.w.g. plate using 4 in. dia. wire with dip 
transfer, it was established that optimum results were 
obtained with rather lower arc voltages than with 
CO,, the significarice of this being discussed later. 
Differences in performance between the different gas 
mixtures were almost negligible although some in- 
crease in surface ripple was apparent with mixtures 
containing more than 20°% CO, and oxygen. 

On heavier plate + in. leg length fillets were made 
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with + in. wire at 350 amp(globular transfer). As with 
the fillets on 16 s.w.g. plate there was no real differ- 
ence in performance with any of the seven gas mixtures. 


Weld soundness 

During the course of this investigation to study the 
effects of shielding gas composition on welding 
properties and weld quality, a large number of welds 
were examined radiographically for soundness. With 
a few exceptions, where conditions were known to be 
abnormal, most welds produced were of a very high 
standard, easily meeting Class 1 requirements, and in 
no instance did porosity occur to any level which was 
unacceptable compared with the results obtainable 
from good quality BS.1719 Class 2XX and 3XX 
manual electrodes. 

The welds examined were made under both dip 
and spray transfer conditions and included bead-on- 
plate, sheet metal fillets, and flat and positional heavy 
butts. 


Comparison of 80°, Argon/20° CO, Mixtures with 
CO, and Argon/O, Gases 


The differences in welding performance of the 
various gas mixtures tested were marginal but on 
balance the mixture giving the best all round perform- 
ance was one containing between 20 and 25% COsz, 
mainly because of the absence of finger-type penetra- 
tion which was still found to occur with mixtures con- 
taining a lesser percentage of CO, (see Fig. 1). No 
advantages were found in separate additions of 
oxygen. 

An 80/20 mixture was selected as representative of 
the preferred range, and used for more detailed com- 
parison with CO, and argon/O,. The essential results 
of these tests are discussed below. 


Advantages of different penetration shape 

The pronounced finger-type penetration associated 
with the use of argon shielding under welding con- 
ditions giving spray transfer has two disadvantages. 
Firstly, the rapid freezing of the metal in the tip of the 
finger sometimes leads to entrapment of a gas pore 
and, secondly, it can lead to lack of side wall fusion 
unless the joint is accurately prepared and the electrode 
correctly positioned. 

With CO, shielding the penetration is wider at the 
root but is frequently too narrow at the surface of the 
weld because of the necessity for a low arc voltage to 
prevent excessive spatter. A weld penetration shape 
which is narrower at the surface than at the root leads 
to a greater risk of hot cracking in the centre of the 
weld. 

The penetration shape obtained with the 80/20 gas 
mixture does not have the worst of the features given 
by either argon/O, or CO, and has a satisfactory 
triangular shape (see Fig. 1). 


Mode of metal transfer 


There are three principal modes of metal transfer 
with gas-shielded bare-wire welding of mild steel. 


Dip transfer 
With suitably designed power sources and with low 
arc voltages, a short-circuiting arc® can be main- 
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tained having a frequency up to about 190 per second. 

The smoothest weld finish at maximum welding 
speeds is normally associated with a high frequency of 
short circuits. This frequency increases as the arc 
voltage is reduced and this helps to explain the 
improved results obtainable on sheet metal welding 
with the 80/20 mixture, as it is generally possible to 
weld at an arc voltage 2-3 V lower than with CO, 
under comparable conditions. If CO, is used at this 
reduced voltage, stubbing occurs. The importance of 
this is that for a given thickness of plate it is possible 
to increase the welding current and thus the deposition 
rate without increase in total heat input. 


Globular Transfer 

With CO, and argon/CO, mixtures the mode of 
metal transfer changes, as the current and voltage are 
increased, from dip transfer to a form in which indi- 
vidual globules of metal move in free flight from the 
electrode tip to the weld pool. The frequency of 
transfer varies from approximately 10 to 60 globules 
per second. Figure 3 is a reproduction of single 
frames from high-speed films showing typical globule 
shapes for the 80/20 mixture and COg,. 





(a) (b) 


3—High-speed photographs of metal transfer (globular range)— 
Current approx. 370 amp: (a) 80/20 argon/CO,; (b) CO, 
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The high-speed films from which these frames are 
taken show clearly that there is a force in the arc zone 
which resists the gravitational force in the molten 
metal globule while it is still attached to the electrode. 
This opposing force is not apparent when argon is 
used as the shielding gas, and Defize and Van der 
Willigen® attribute this to the fact that, even below the 
transition current, the arc plasma completely sur- 
rounds the globule and thus the upward arc pressure 
which is present acts on the electrode rather than on 
the globule. The magnitude of this force apparently 
becomes greater as the percentage of CO, in the 
shielding gas rises from 15 to 100%. This fact may 
partially explain the increase in spatter level which 
can result when CO, is used as the shielding gas. With 
CO, the plasma does net surround the drop and 
hence the upward arc pressure acts on the drop. Also, 
in the case of argon, Needham, Cooksey and Milner® 
have indicated that high-velocity plasma jets aid the 
detachment of drops and are responsible for their 
subsequent acceleration across the arc from the 
electrode tip to the workpiece. 

With change in the gas shield, provided that there 
is no change in the restraining force due to surface 
tension, it is probable that variation in droplet rate at 
a constant current is due to a change in the plasma jet 
velocity associated with a particular gas. Since droplet 
rate is higher for argon than for CO, it is reasonable to 
assume that the plasma jet velocity is higher for the 
former and that for a mixture of the two gases the jet 
velocity and hence the transfer rate will have an inter- 
mediate value, as is the case. 

It has also been suggested’ that with CO, shielding 
an important factor in this upward force is the 
expansion in volume of the gas in the arc zone as it is 
dissociated from CO, to CO and O,. During the 
course of this investigation high-speed films were 
taken of metal transfer in a mixture of two volumes of 
CO and one volume of O, to simulate a dissociated 
CO, atmosphere. These films, however, did not reveal 
any difference at all from the normal type of CO, 
transfer so it is doubtful if this expansion is a signific- 
ant factor in the upward force on the droplet. 


Spray transfer 

With argon/O, mixtures it is well known that the 
form of metal transfer changes to what has been 
termed “spray” when the current density in the 
electrode exceeds a certain value—approx. 200 amp on 
a 7 in. dia. wire. With spray transfer the metal 
streams from the tip of the electrode in a rapid suc- 
cession of droplets, generally rather smaller in 
diameter than the electrode wire. 

This type of metal transfer does not occur with CO, 
shielding even with welding currents up to 500 amp on 
ds in. and & in. wires. It does occur, however, with 
the 80/20 mixture at the following approximate 
current levels for different wire diameters: 


3 in. dia.—220 amp 
é in. dia.—330 amp 
~ in. dia.—440 amp 


The actual current at which transition from free 
flight globular to spray transfer occurs varies some- 
what with arc length and other factors such as elec- 
trode extension. 
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Welding conditions are generally better when using 
spray rather than globular transfer and this accounts 
for the improved results obtainable with argon/CO, 
mixtures compared with CO, on flat position fillet and 
butt welds in plate } in. thick and over. 


Spatter and vaporization loss 

Table IV gives the results of tests to determine the 
amount of metal loss by spatter and vaporization. 
These tests showed that the 80/20 mixture gave some- 
what more spatter loss than argon/O,, but a little 


Table IV 
Spatter and vaporization loss, using }; in. dia. electrode 





Arc Current Spatter and 

Voltage, Range, Vaporization 

Shielding Gas V amp Loss Range, 
98/2 (argon/O,) 30-32 360—400 1-6-2°4 
80/20 (argon/CO,) 30-32 360-470 3-4-6°6 
co, 31-38 360-400 5-0-17°5 





less than CO, at its least. Carbon dioxide, however, is 
more sensitive to changes in welding conditions, par- 
ticularly arc voltage, and with relatively small depar- 
tures from the optimum, spatter loss can increase to 
as much as 17-:5%. 

It is difficult to present the figures of actual spatter 
loss in a form which gives an accurate overall com- 
parison. This is because the amount of spatter ob- 
tained with CO, shielding varies greatly depending 
upon the type of joint and the welding conditions. 
Operationally, spatter can present a major problem 
with CO, shielding particularly at currents over 
250 amp. At such currents the globules of spatter tend 
to be quite large and consequently adhere to the plate 
surface more readily. Even where the spatter accumula- 
tion on the plate surface can be tolerated, it must be 
removed at frequent intervals from the nozzle of the 
welding gun to ensure an adequate coverage of 
shielding gas. 

With the 80/20 mixture the amount of spatter is 
always at a lower level than with CO, under corres- 
ponding welding conditions and it does not normally 
present any problem, but in both cases severe arc blow 
can cause excessive spatter. Even under dip transfer 
conditions, where spatter with CO, shielding is gen- 
erally at a low level, the reduced spatter accumulation 
on the nozzle when using the 80/20 mixture can be of 
distinct value when making vertical and overhead 
welds at currents of the order of 200 amp. 


Mechanical properties and crack resistance 

The mechanical properties of weld metal deposited 
by the 80/20 gas mixture, CO, and argon/O, were 
compared using three wires, E.1, E.2 and E.3. Two 
sizes of wire were used in each case, 4 in. dia. with 
dip transfer and globular or spray transfer, and + in. 
dia. with globular orJspray transfer only. The follow- 
ing tests were made: 


(i)”All-weld-metal tensile tests in { in. steel plate P.8 
(ii) Single-V 60° butt welds in ? in. steel plate P.5 
(iii) Fillet weld cracking tests in steel plates P.9, P.10 and P.11. 








156 





BRITISH WELDING JOURNAL, APRIL 1961 


Table V 
All-weld-metal tests to Lloyd’s requirements, tested in the as-welded condition 





Type of Wire El 
Size of Wire, in. > ds 
Gas Mode of Transfer Dip Globular 
co, Yield Stress, tons/sq.in. 32:1 30-2 
Max. Stress, tons/sq.in. 38-6 35-9 
Elong. on 8D, % 16-7 19-3 
Red. in Area, % 36°5 41-7 
80/20 Argon/CO, Yield Stress, tons/sq.in. 37-0 33-7 
Max. Stress, tons/sq.in. 41-7 41-1 
Elong. on 8D, % 17-3 16-0 
Red. in Area, % 


50-0 31-8 
Argon/5°,O, Yield Stress, tons/sq.in. -- -— 
Max Stress, tons/sq.in. _ 

Elong. on 8D, % 


Red. in Area, °% — — 


E.2 E.3 
Fe Pe ts 
Globular or spray — Dip Globular Globular or spray 
30-4 27-7 28-9 23-7 
35°6 34-5 34-2 29-7 
20-0 21-1 23-8 24-4 
59-1 57-0 60-5 65-0 
30-0 30-3 28-6 25-0 
35-5 37-4 35-3 30-7 
22-0 20-0 22:7 26-2 
64-0 63-0 58-5 66:0 
29-6 — — 26:1 
34-7 — — 31-0 
22:1 — — 23-8 
50-0 — — 64-0 





All-weld-metal tensile tests 

All-weld-metal tensile test bars were prepared and 
tested in accordance with Lloyd’s requirements, i.e., 
0-564 in. dia. test bars tested in the as-welded con- 
dition. Typical results are given in Table V. 

When using the dip transfer technique to produce 
these relatively large test pieces,it was found that the 
welding procedure has a marked effect on the results 
with both argon/CO, mixtures and CO,. The prin- 
cipal object of the dip transfer technique is to promote 
rapid freezing of the weld pool, thus enabling posi- 
tional welding to be done with ease. When this rapid 
cooling is accelerated still further by the effect of mass, 
or by making small passes, an unacceptable increase in 
tensile strength and reduction in ductility results. 

Furthermore, in using such a relatively cold welding 
technique, care is needed to ensure fusion at the weld 
sides and between passes, particularly when making 
welds in the flat position as opposed to positional 
welding. When welding on a cold mass, especially 
with small runs, these difficulties are increased. Not 
unexpectedly it was found that the best mechanical 
test results are obtained by decreasing the cooling 
rate by making relatively heavy passes, e.g., by using 
a weaving technique; this procedure is also that most 
likely to be used in practice for vertical and overhead 
welding. It was also found to be advantageous to in- 
crease the arc voltage by 1-2 V over the value that 
gives the optimum welding performance in order to 
reduce the possibility of obtaining cold laps. This 


slight increase in voltage is necessary with both 
80/20 argon/CO, mixtures and CO,, but the actual 
usable arc voltages with 80/20 argon/CO, remain 
lower than with CO,. 

These factors were taken into account in preparing 
the test pieces referred to in Table V, and radio- 
graphic examination was made to ensure that the 
welds tested were free of the defects mentioned. 


Butt weld tests 

Single-V multi-pass butt welds were prepared to 
obtain longitudinal tensometer, transverse bend, 
transverse tensile tests and transverse Charpy test 
pieces. 

The butt weld tensometer specimens were machined 
to Hounsfield Drawing No. 14 (4 sq.in.) and tested 
in the as-welded condition. Results are given in 
Table VI. 

The bend test specimens were bent over a former 
diameter 37 with both the root and face of the weld in 
tension, in accordance with the previsions of BS.639: 
1952. 

The transverse tensile test pieces were also prepared 
to BS.639:1952 and tested in the as-welded condition. 

The 10 mm Charpy specimens were machined and 
tested in accordance with BS.131, Part 2:1959, with 
the notch in the outer face of the weld, longitudinal 
with the seam. Results are given in Table VII. 

As with the all-weld-metal tests each butt weld was 
radiographed before being tested. 


Table VI 
Hounsfield tensometer test pieces (,',; sq.in.), tested in the as-welded condition 





Type of Wire 
Size of Wire, in. ds 


Gas Mode of Transfer Dip 

co, Yield Stress, tons/sq.in. 39°6 
Max. Stress, tons/sq.in. 44-0 

Elong. on 3-54D, % 25-0 

Red. in Area, % 58-0 

80/20 Argon/CO, Yield Stress, tons/sq.in. 38-0 
Max. Stress, tons/sq.in. 42-8 

Elong. on 3:54D, % 23-0 

Argon/5% O, Red. in Area, %% 45-0 


Yield Stress, tons/sq.in. 
Max. Stress, tons/sq.in. — 
Elong. on 3-54D, % 
Red. in Area, % — 


E.2 E.3 
6 ay is 
Globular or spray Globular or spray Globular or spray 

26-4 25-2 25-2 
34-4 32-4 31-5 
27:0 36-0 35-0 
55-0 50-0 64:0. 
30°5 26-0 30-0 
35-9 34-0 35-2 
30-0 33-0 29-5 
66-0 64-0 62-0 
31-2 — 23-7 
36°8 — 30-4 
28-0 — 35-0 
65:0 _- 70-0 
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Table VII 
Charpy tests on butt welds (average of three results) 





Type of Wire E.] 

Size of Wire, in. a 

Gas Mode of Transfer Dip 
co, Room temp. (18°C.) 88-4 
—10°C. 44-6 

—30°C. 29-2 

80/20 Argon/CO, Room temp. (18°C.) 62°8 
—10°C. 36°9 

—30°C. 27-6 

Argon/5% O, Room temp. (18°C.) — 
—10°C. — 

—30°C. acs 


E.2 E.3 
i 3 
Globular or spray Dip Globular or spray 

39-0 73-3 61-9 
23-3 40-7 54-4 
11-8 31-5 30-1 
70-7 81-6 93-7 
51-4 72:3 50-6 
39-4 $5-2 27-9 
74:5 -— 59-8 
42:1 -- a7 2 
41-7 a 22:1 





Fillet weld cracking tests 

The results obtained on a limited range of selected 
carbon steels are given in Table VIII. The method of 
testing was generally to BS.639:1952, i.e., by making 
restraining welds of a controlled size followed by the 
test weld within 5-7 sec of the restraining welds. Con- 
ditions were adjusted so that a standard argon/O, 
shielded weld was on the borderline of cracking, and 
the tests on the other gases were then made with a 
similar procedure. 


Discussion of results of mechanical tests 
All-weld-metal tensile tests 

The figures given in Table V show that the mech- 
anical properties of welds made under argon/CO, 
shielding are generally similar to those made under 
argon or CO,. 

A number of fractured test specimens welded with 
gy in. wires and both CO, and argon/CO, shielding, 
have shown ‘haloes’ on the fracture faces. These have 
occurred more frequently when using dip transfer, 
even when making comparatively heavy runs. Un- 
doubtedly the haloes have contributed towards a 
lowering of ductility. With wire E.1, which produces 
welds having high maximum stress, this reduction in 
ductility has been sufficient to bring the value below 
the minimum requirement of 18% over 8D. With 
wire E.3, however, fully satisfactory ductility was 
obtained with dip transfer using either 80/20 argon/CO, 
mixture or CO, for shielding. 

Investigations into the fundamental causes of the 
occurrence of haloes are still in progress, but it seems 
that they are associated with the entrapment of gas in 
very tiny pores, most of which are not visible by 
normal radiographic means. This entrapment of gases 
seems to be more likely when the weld pool cools 
rapidly, as when using fine wires for welding heavy 
plate. 

No haloes have been observed when using ; in. 
wire with globular or spray transfer. 


Butt weld tensometer tests 

The results are generally similar to those of the all- 
weld-metal tensile tests, i.e., all have a satisfactory 
minimum elongation exceeding 25% over 3-54D 
except E.1 wire with dip transfer. In general the results 
with 80/20 argon/CO, mixture are equal to those with 
CO, and argon/O,. Some haloes were again noted, 
principally with dip transfer welding. 


Butt weld bend tests 

All the specimens were bent through 180° without 
failure, although some of the dip transfer specimens, 
both with CO, and argon/CO, mixtures, showed some 
extremely fine porosity on the surface after bending. 
This no doubt was another reflection of the condition 
producing the haloes already referred to. The welds 
made with globular or spray transfer were all sound. 


Transverse tensile tests 

Because the yield point and ultimate tensile strength 
of the parent plate at 16-7 and 26-9 tons/sq.in. res- 
pectively were lower than that of the weld metal, all 
failures took place in the plate away from the weld. 


Butt weld Charpy tests 

The results of these tests indicate that the impact 
properties of welds made with 80/20 argon/CO, 
mixtures are generally similar to those of CO, or 
argon/O, shielded welds and easily satisfy the re- 
quirements of BS.639:1952, Amendment No. 2, 1959. 


Fillet weld cracking tests 

The short series of tests done indicates that welds 
made with 80/20 argon/CO, mixture have a crack 
resistance at least as good as that of CO, shielded 
welds. Indeed, because of the more desirable shape of 
the penetration bend it is expected that on many 
applications there would be less danger of cracking 
than with either CO, or argon/Oy,. 


Table VIII 


Fillet weld cracking tests (4 in. dia. wire, 350 amp) 





Wire E.2 E.3 
Plate Gas Argon|5% O» co, 80/20 Argon/CO, Argon|5% O, co, 80/20 Argon/CO, 
P.9 Crater only Nil Nil Nil Nil Crater only 


P.10 Nil Crater only Crater only Crater only Crater only Crater only 
30 30 25 30 


P.11 25 
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Weld soundness 
When comparing welds made in argon/CO, mixtures 
with those using CO, only it was found that welds of 
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4—-Macrograph of 4, in. leg horizontal-vertical fillet welded with 
& in. dia. wire at 350 amp, 31 V, 15 in./min, 80/20 argon/COz 
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equal soundness were obtained when the appropriate 
welding conditions were used in each case. Generally 
it was also found that the welding conditions are less 
critical than when using argon/O,. 


Practical Aspects of the Use of 80/20 Argon/CO, 
Mixture 


The foregoing sections have been mainly concerned 
with the evaluation of the technical features of 
mixtures and it is now of interest to consider the more 
practical aspects. 


Semi-automatic welding 
Flat position welding with globular or spray transfer 

Because of the known advantages of spray transfer, 
the current ranges used with the 80/20 mixture were 
principally confined to those giving this type of metal 
transfer. 

Using + in. wire at 450 amp for horizontal-vertical 
fillets it was found that the weld pool was too hot and 
the weld metal too fluid for the welder to control 
readily. This current could however be used for flat 
position butt welds in prepared joints in heavy plate. 

With & in. wire it was found that at a current of 
approx. 350 amp it was possible to exercise good 
control over the molten weld metal and to make both 
butt and fillet welds in plate } in. thick and over 
without difficulty. Cross sections from horizontal- 
vertical fillet welds of 4-3; in. leg length showed a 


aoe 


5—Comparison of horizontal-vertical fillets welded with §, in. dia. wire using: (a) 350 amp with 


80/20 argon/CO,; (b) 300 amp with CO, 
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very good penetration shape (Fig. 4) with full fusion 
4— in. beyond the root of the joint. The weld profile 
was of a good shape with no sign of undercut (Figs. 4 
and 5). Under these conditions the welding speed with 
80/20 argon/CO, mixture on horizontal-vertical fillet 
welds is 25% greater than with argon/O, shielding 
using 7; in. wire at 330 amp. Penetration is also greater 
so that the strength of the weld for a given fillet leg 
length is increased. Ease of welding and resultant weld 
finish were found to be very similar. 

With CO, shielding it has been found necessary to 
restrict the welding current to approx. 300 amp on 
é& in. dia. wire to permit proper control of the fluid 
weld metal for horizontal-vertical fillets. A comparison 
between fillets made with CO, and the 80/20 mixture 
is shown in Fig. 5. With higher currents on & in. or 
larger wires, the weld metal tends to fall to the 
bottom leg of the fillet and spatter is increased. 


Sheet metal welding using dip transfer 

The ease with which sheet steel down to 20 s.w.g. 
can be welded with the bare-wire gas-shielded process 
has greatly attracted many fabricators, and this is 
becoming an important field for the process. With CO, 
shielding the maximum welding speed is usually 
determined by the acceptability of the weld finish. This 
deteriorates, with a tendency for cold lapping at the 
edge of the weld and with increased spatter, as the 
welding current and speed are increased beyond cer- 
tain limits. With the 80/20 mixture the best welding 
conditions are obtained using an arc voltage some 
2-3 V lower than that used with CO, shielding. A 
lower arc voltage increases the frequency of short 
circuits and this may partially explain the superior 
wetting action obtained at high welding speeds on 
thin plate material. This superior wetting action makes 
it possible to deposit smaller, neater fillets on light 
gauge sheet than can be obtained with CO, shielding. 
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As already explained on p. 154, the lower arc voltage 
also leads to faster deposition rates. 

To make a more precise comparison than is possible 
with manually operated equipment, a self-contained 
gun was mounted on a tractor so that the welding 
speeds could be accurately measured. A series of fillet 
welds in 16 s.w.g. sheet was made at speeds varying 
from 20 to 52 in./min using # in. dia. wire. Figure 6 
illustrates two welds made at 48 in./min, one with 
CO, shielding and the other with the 80/20 mixture. 
At this welding speed, the difference in finish is clearly 
apparent. With CO, shielding it was found necessary 
to reduce the welding speed by approx. one-third to 
32 in./min to achieve a finish comparable to that 
obtained with the 80/20 mixture. 


All-position welding using dip transfer 

Butt welds in ? in. thick plate and in 3 in. wall 
thickness pipe were made to compare the perform- 
ance of argon/CO, with CO, shielding. 

At similar welding currents the finish of the welds 
obtained with argon/CO, was rather smoother and 
less rippled than those with CO,. This improvement 
was accompanied by some reduction in spatter 
accumulation on the nozzle of the welding gun when 
operating at the maximum usable currents, i.e., 160- 
200 amp. At these currents the deposition rate is 
6-7 lb/hr, which is approximately double that obtain- 
able with 6 s.w.g. Class 3XX BS.1719 electrodes on 
vertical welds. 


Fully automatic welding 

The principal use of the CO,-shielded bare-wire 
process up to the present time has been for fully auto- 
matic welding of plate varying from approx. 12 s.w.g. 
to } in. For a number of applications an acceptable 
weld finish can be obtained at exceptionally high 
speeds. Argon/CO, mixtures do not give any signifi- 
cant improvement on such applications. 


(a) 


(b) 


6—Fillet welds in 16 s.w.g. mild steel at 120 amp, 48 in./min: (a) With 80/20 argon/CO,,; (b) with COs. 
(This speed is too high for CO, shielding, giving excess spatter and cold lapping at the weld edges) 
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7—Comparison of root runs in | in. deep 60 
80/20 argon/CO,; (b) with CO, 


Bare-wire gas-shielded welding does not compete 
successfully with automatic flux-using processes on 
heavier plate because much higher welding currents 
can be used with the latter processes. Nevertheless 
there are occasions when welding in awkward joints 
where it is a distinct advantage to use a process that is 
free from slag. On such applications the excellent bead 
formation, smooth finish, and freedom from spatter 
obtained with argon/CO, shielding can be advan- 
tageous. A typical root run in a V joint compared 
with a similar weld with CO, shielding is shown in 
Fig. 7. Both runs were made with in. wire at a 
current of 450 amp. 


Health considerations 

In common with any welding process employing 
CO, in the shielding gas, dissociation of CO, occurs 
giving oxygen and carbon monoxide. Some of this CO 
leaves the arc zone without recombining with the 
oxygen. However, tests with an 80/20 argon/CO, 
mixture have shown that the level of CO near the arc 
is less than that in CO, shielded welding and that the 
welder inhales less than the maximum permissible 
limit of 100 v.p.m.* even assuming a duty cycle of 
100°,. These tests were carried out using natural 
ventilation under the conditions laid down in American 
Standard Z.49.1-1958.° 


Economic aspects 

The economic evaluation of a welding process on 
the basis of a number of welds made under laboratory 
conditions is extremely difficult. Variations in duty 
cycle, labour rates, and the method of allocation of 
overheads alone make comparison difficult, and 
laboratory control of weld preparations and procedure 
means that the results will not always compare 
reliably with practical conditions. 

The work described in this paper, however, indicates 
certain features of the argon/CO, mixtures that must 
lead to savings in welding costs compared with CO, 
shielding. 

On sheet metal using dip transfer the 2-3 V lower 
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(b) 


V, using -y in. dia. wire at 430 amp, 10 in./min: (a) With 


arc voltage enables higher currents to be used without 
overheating. It is also possible to make smaller and 
neater fillets, and the combined effects of these two 
features is a gain of 25-50°, in welding speed and a 
saving of up to 25% of wire. 

In horizontal-vertical fillet welding of thicker plate 
with spray transfer it is possible to use 15-20% 
higher current with argon/CO, mixtures than with 
CO,. The gain in welding speed to be expected from 
this, however, can be largely offset by using longer 
nozzle-to-plate distances and hence more /?R heating 
with CO,. With the argon/CO, mixtures it is not 
possible to take advantage of /?R heating, because the 
weld pool, when using the highest practicable welding 
current, is already at the maximum size and tempera- 
ture that can be handled satisfactorily. The outstand- 
ing operational advantage of argon/CO, mixtures 
compared with CO, is the reduction in spatter, and 
although no apparent increase in speed is available it 
is much easier for an operator to establish and main- 
tain good welding conditions. The time saved in 
setting up and in cleaning spatter from the nozzle and 
workpiece thus gives a noticeably higher overall out- 
put, and indeed such savings often prove more 
important in increasing output than deposition rate 
by itself. 


Conclusions 


(1) Mixtures of argon and CO, in the range con- 
taining between 15 and 25% CO, have the feature not 
possessed effectively by either argon/O, or CO, alone, 
that they can give either spray or dip transfer by 
choice of appropriate conditions. Argon shielding 
gives good spray transfer, but dip transfer welding of 
steel is not practicable. CO, shielding gives a good dip 
transfer, but spray transfer cannot be obtained at any 
usable current. 

(2) With dip transfer, stable welding conditions can 
be obtained at an arc voltage 2-3 V lower than with 
CO,, and this leads to faster welding speeds in sheet 
metal work. 
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With spray transfer, stable welding conditions can 
be obtained at higher currents than with argon/O,. 

Both these features lead to higher welding speeds. 

(3) Mixtures containing between 20 and 25% CO, 
give a penetration shape avoiding the finger-type 
penetration of argon, with its risk of root cavities and 
the deep and narrow penetration of CO, with its 
susceptibility to cracking. 

(4) The mixture having the best overall combination 
of properties is one containing 75-80% argon and 
15-20% CO,. There are no advantages from a ternary 
mixture containing oxygen. 

(5) An argon/CO, mixture in the above range offers 
definite economic advantages compared with CO, in 
the welding of sheet metal, and definite operational 
advantages in welding material } in. thick and above, 
a gain which will make the use of a more expensive gas 
worthwhile. The mixture is more economic in all 
applications than argon/O, shielded welding. 

None of the gas-shielded bare-wire processes 
compete economically with the fully automatic flux- 
using processes owing to the much higher currents that 
can be used with the latter on plate } in. thick and over. 

(6) Using the correct combination of wire, shielding 
gas, and welding conditions, the radiographic sound- 
ness and mechanical properties of welds made with the 
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80/20 argon/CO, mixture will meet Lloyd’s Class 1 
requirements. 
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An Adhesion Test for Aluminium 
Spray Coatings and other Metallized Surfaces 


A steel button is bonded to the metallized surface with a synthetic resin and the 
coating immediately adjacent to the button is trepanned. The tensile force 
required to detach the known area of deposit is measured. Based on this lab- 
oratory-developed method an adhesion-measuring instrument was designed for 
use in the field. 

The laboratory techniques which use cold-curing or hot-curing resins are 
applicable to a number of metals sprayed on grit-blasted mild steel plates, but 
the scope of the field test is restricted mainly by the limited strength of the 
available cold-curing synthetic adhesives. Thus adhesion may be measured under 
field conditions when the bond strength of spray deposits does not exceed that 
of aluminium-spray coatings on grit-blasted mild steel. Subject to similar 
limitations the test enables cohesion of thick deposits to be measured. Adapta- 
tion to non-destructive or semi-destructive tests is possible under some circum- 
stances. 


By R.S. Smith and 


N. Stephenson, B.MET., 
PH.D. 


Introduction thicknesses of 0-004—0-010 in. are usual but greater 


thicknesses may be applied for special conditions of 





become increasingly popular for the protection of 
steelwork against corrosion in marine or industrial 
atmospheres. On large structures the process consists of 
preparation of the surface by grit-blasting followed by 
deposition of commercially pure aluminium from 
spray guns fed with wire or powdered metal. Coating 


I RECENT years aluminium-spray coatings have 


service. The aluminium layer is slightly porous and, 
although in service it is capable of protecting the steel, 
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the protective action frequently is supplemented by 
the additional application of sealing paints. These tend 
to penetrate the pores of the coating, thereby restrict- 
ing the access of corrosive media and slowing down 
the sacrificial loss of the aluminium. The pores provide 
an excellent key for the sealing paint, so that the 
sprayed metal and the paint are complementary. If 
the coating is damaged mechanically, the electro- 
chemical effect between aluminium and steel prevents 
penetration of corrosion along the interface. In the 
absence of a sealing paint the pores are progressively 
filled with corrosion products of aluminium, and this 
is said to be partly responsible for the protection 
afforded by spray-aluminized coatings. 

The scientific literature on metallizing seems to be 
by no means extensive, although considerable prac- 
tical experience is recorded. This may be ascribed, at 
least in part, to the paucity of simple quantitative 
techniques of measurement. In particular, there 
appears to be no simple method of determining 
numerically the adhesion of spray coatings on site. 
Thus, quantitative investigation of the effect on 
adhesion of process and service variables has been 
difficult. Fairly accurate techniques for measurement 
of adhesion have been reported in the literature’?* 
but these require precisely machined test pieces, or 
they are applicable only to very thick coatings, or they 
cannot be used outside the laboratory. Qualitative 
tests have been described, such as the “‘scribe”’ test set 
out in BS.2569, the response to chipping with pneu- 
matic tools, or attempting to peel the coating with 
adhesive tapes. The ease with which a coating can be 
chipped, peeled, or lifted by inserting a knife blade at 
the interface is no real criterion of adhesion because 
this facility is dependent on coating thickness and 
strength. 

Ferguson and Tsao‘ proposed to measure the 
adhesion in tension of electroplated metals by making 
use of relatively high strength synthetic adhesives. 
They intended to stick metal ‘handles’ on to the 
electroplate and to measure the force needed to pull 
away the coating in a direction perpendicular to the 
plated surface. The adhesives appeared to depend on 
solvent evaporation, and the attempt seems to have 
been frustrated by entrapped bubbles at the smooth 
metal joints which led to variable strength. No electro- 
plated coatings were tested. McDermott*® used hot- 
curing polyethylene to bond a grit-blasted button to a 
similar metal-sprayed button; the assembly was 
pulled in a tensile testing machine and, in this way, the 
adhesion of spray coatings of tin, zinc, aluminium, 
bronze, copper, steel, and lead coatings respectively, 
applied by the powder process, was determined. The 
advent of strong cold-curing adhesives and the avail- 
ability of hot-curing synthetic resins of enhanced 
strength has led, in the present work, to the further 
development of this type of adhesion test. 


Laboratory Test 


The principle of the test is illustrated in Fig. 1. A 
steel ‘button’ A, freshly grit-blasted at the end, was 
bonded to the spray coating using a synthetic resin. 
The coating was cut through by means of a tubular 
trepanning tool (not shown) around the button so as 
to prevent the shear strength of the coating and the 
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strength of the resin fillet from contributing to the 
measured adhesion. The force in tons needed to part 
the coating from the steel was measured in a tensile 
testing machine fitted with a bridge assembly B. Since 
the area of coating to be removed was chosen arbit- 
rarily at 1 sq.in., numerically the force was the tensile 
adhesive strength of the coating in tons/sq.in. On 
completion of the test the adhesive was de-natured by 
heating it for a short time at 400°C., after which the 
disc of detached coating could be removed from the 
button. It was shown that, if the adhesive is adequately 
de-natured, this disc can be used for direct measure- 
ment of the coating thickness for comparison with 
values previously obtained with a thickness meter. 
The adhesive mostly used in the trials was a cold- 
curing poly-ester resin, and the proportions of resin, 
accelerator and catalyst were adjusted to give com- 
plete curing overnight. In some instances a thixotropic 
agent was added to prevent undue penetration of the 
adhesive through pores in the coating, but metallo- 
graphic examination showed that this was not neces- 
sary for coatings thicker than 0-005 in. Another cold- 
curing adhesive became available later, and has since 
been used extensively in laboratory and field trials. 
This synthetic resin required no addition of thixo- 
tropic agent, and penetration into aluminium spray 
coatings was found to be less than 0-0015 in. Other 
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adhesives were tried, and it was found that those 
depending on solvents were unreliable; the coatings 
were ‘torn’ away at unduly low stresses. A similar effect 
was encountered with incompletely cured poly-ester 
resin. Hot-curing epoxy-resins were used when the 
strength of the poly-ester adhesive was inadequate, and 
additional tests indicated that the curing temperatures 
in the range 120° -180°C. had no appreciable effect on 
the adhesion to aluminium-spray coatings. Thus the 
time needed to complete the test could be diminished 
if necessary by using the hot-curing epoxy-resin or by 
warm-curing the poly-ester adhesive. It was important 
to cool the assembly to room temperature before 
measuring the adhesion. All adhesives were ineffective 
when sealing paints were present; either the resin did 
not adhere to the coating because it could no longer 
penetrate superficially or, particularly for the poly- 
ester resin, the measured adhesion was extremely low 
in comparison with values determined before applying 
the sealing paint. Since it was unlikely that sealing 
paints affected the adhesion at the aluminium/steel 
interface a possible explanation is that the paints 
inhibited full curing of the resin over most of the area 
concerned. Thus, only part of the coating adhered and, 
on applying the load, the coating was lifted at these 
points, while the remainder of the resin deformed 
plastically and the metal deposits were torn away at 
low load. Details of suitable adhesives are given in 
the Appendix. 

To provide an indication of the reproducibility of 
the test, repeated determinations of adhesion were 
made for sprayed aluminium coatings on each of three 
steel plates, using the cold-curing poly-ester adhesive. 
The coatings were nominally 0-010 in. thick on plate 
approx. 3 in. x $ in. section. In all adhesion tests the 
area of coating removed was 1 sq.in. The plates were 
prepared by grit-blasting with 24 mesh angular chilled 
iron grit in accordance with BS.2569, Part I; 1955, 
using air pressure of 70 lb/sq.in. (suction method). 
After grit-blasting, they were immediately sprayed 
with aluminium, using a proprietary wire-fed oxy- 
propane gun. The oxygen, propane, and air pressures 
respectively were 24, 25 and 65 lb/sq.in. The alumin- 
ium wire was } in. dia. (better than 99-7 % purity), and 
was consumed at the rate of 7 ft/min approximately. 
The results are given in Table I. The mean value of 
0-42 tons/sq.in. was in reasonable agreement with a 
value of 0-46 tons/sq.in. obtained elsewhere? by a 
similar spraying procedure but with a different testing 
technique. 

Although the present test was developed primarily 
to determine the adhesion of aluminium-spray coat- 
ings it might be suitable for other metallized deposits. 





Table I 
Reproducibility of adhesion for aluminium-spray coating on grit- 
blasted mild steel 
Sequence Adhesion, tens/sq.in. 
of Test Plate A Plate B Plate C 
1 0-37 0-45 0-42 
2 0-31 0- 0-60 
3 0-52 0-36 _— 
4 0-43 0-50 0-44 
5 0-30 0-37 0-62 
6 0-31 0-44 0-40 
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Table Il 


Adhesion of miscellaneous coatings 
(Ali coatings nominally 0-010 in. thick) 





Adhesion, tons/sq.in. 





Coating Wire Process Powder Process 
Aluminium 0-47 C.(69) 0-74 C.F 
0-58 H 
Zinc 0-34 C.D. 0-26 C. 
0-30 H. 
Copper 0-45 D. —— 
Steel 0-71 C.F. 0-55 C.F 
1-31 R.D. 0-86 R. 
Ni-20% Cr 1-41 H. = 
Nickel 0-57 C.F. 0-48 C.F. 
1-12 H. 
1-07 H. 
C—cold-curing poly-ester resin F—tesin failed 


H—hot-curing epoxy-resin 
R—hot-curing resin bonded 
under pressure 


D—coating delaminated 
(69)—mean of 69 tests 


Thus Table II shows the adhesion of aluminium, zinc, 
nickel, or steel coatings sprayed by the wire or powder 
processes, and of copper or Ni-20% Cr sprayed by 
the wire process on to grit-blasted mild steel plates. 
Each of the deposits was nominally 0-010 in. thick. 
For some coatings the strength of the cold-curing 
poly-ester resin was inadequate, but these usually 
could be tested using the epoxy-resin hot-cured at 
190°C. for 3 hr. Exceptions were the sprayed steel 
coatings which responded only to another epoxy-resin 
hot-cured under pressure. The steel and zinc coatings 
deposited by the wire process were delaminated during 
measurement of adhesion; their adhesive strength 
exceeded the cohesive strength. Hence the test also 
should be useful in proving the cohesive strength of 
sprayed metal coatings. Where adhesives are in- 
sufficiently strong to permit detachment or rupture of 
the coatings the test should give a useful measurement 
of minimum adhesion and cohesion. 

Occasionally there was failure to detach the whole 
of the coating from the circular area under test al- 
though part of the underlying steel surface was 
uncovered. Under these conditions inadequate cover- 
age with resin or the presence of entrapped air bubbles 
were suspected if the measured load was abnormally 
low. On the other hand, if the failure occurred at 
normal or high loads, either the strength of the resin 
joint or the adhesion of the spray coating to the steel 
was non-uniform. Non-uniformity in the adhesion of 
aluminium deposits has been demonstrated elsewhere.°® 

The technique might not be readily applicable to 
thin electro-deposits because their smooth surfaces 
cannot be roughened satisfactorily to provide adequate 
keying for the adhesive. Thus, using the cold-curing 
resin on a0-0005 in. thick nickel plate, electro-deposited 
directly on to a machine-ground mild steel surface 
from a Watts-type bath, it was found that failure 
occurred in the resin at a stress of 0-16 tons/sq.in., 
hence the adhesion of the nickel plate must have 
exceeded this value. 


Field Test 


It would clearly be desirable for the techniques 
described to be applied directly to large components 
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2—Principle of lever adhesion tester 


and structures. There was no major problem in 
bonding the steel buttons to the coating, or in tre- 
panning the coating around the button. For curved 
surfaces, the working face of the button could be 
shaped to conform with the curvature of the coated 
surface, but it was found that flat buttons were suit- 
able if the radius of curvature exceeded 12 in. The 
working principle of the portable instrument devised 
to apply and to measure the tensile force needed to 
detach the deposit is illustrated in Fig. 2. 

Two parallel plates A supported a lever system 
BCDE. The arm E of the system consisted of two lift- 
ing bars located inside the parallel plates and sup- 
ported at one end by a pivot pin F. Midway along 
their length the lifting bars were fitted with knife 
edges G, which engaged in the annular groove of the 
adhesion button H. A tie J, between the two lifting 
bars, also served to locate the knife edges correctly in 
the groove of the button. The link C of the lever 
system included a load-indicating device comprising a 
hydraulic cylinder K, connected to a pressure gauge L. 
Movement of the handle B transmitted force through 
the fluid in the load indicator and from there through 
the remainder of the lever system, to impart a sub- 
stantially axial tensile load to the button. Reactive 
forces held the instrument to the metallized component 
until the coating was detached, and frictional forces 
prevented slip along the surface of the component. 
The adhesion tester was calibrated against a tensile 
testing machine. 

The procedure when carrying out adhesion tests 
under field conditions was similar to that followed in 
the laboratory. If necessary, the metallized surfaces 
were lightly scratch-brushed to free them as much as 
possible from corrosion products or dust. Grease and 
moisture were removed or dispersed with petroleum 
ether and methylated spirit; adequate ventilation is, 
of course, essential when using these inflammable 
solvents. The buttons were cemented to the spray 
coating with the cold-setting poly-ester resin; a small 
proportion of a thixotropic agent added to the resin 
prevented loss of the adhesive when the coatings to be 
tested were not in the horizontal plane. However, the 
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alternative cold-curing resin did not require the 
addition of a thixotropic agent. Large permanent 
magnets fitted with spring clamps were used to hold 
the buttons in position while the resins were curing 
(but it should be noted that the magnetic clamps might 
leave stray magnetic fields which would influence the 
accuracy of magnetic thickness-measuring instru- 
ments). The adhesives were allowed to cure overnight, 
but the curing time was dependent on temperature; in 
warm weather curing often was complete in 6 hr. On 
curved surfaces, such as those in cylindrical ducts, the 
deposits could be trepanned with a tubular 2-tooth 
cutter before engaging the test instrument with the 
button to complete the test. 

With this instrument it was found that the adhesion 
of aluminium-spray coatings on mild steel plates was 
similar to values obtained from adjacent areas on the 
same specimens using the laboratory test already 
described. The instrument has been used to determine 
extensively the adhesion of aluminium-spray deposits 
in a system of air ducts. Table III gives examples of 
the type of information obtained. 


Discussion 


In many instances the ultimate adhesive strength of 
spray coatings need ndét be known, and it would be 
sufficient merely to have the assurance that the bond 
strength exceeds a specified value. In this case the 
adhesion test need not be entirely destructive. For 
example, adhesives having strengths inferior to that of 
the bond between deposit and basis metal might be 
used. However, the strength of joints made with 
adhesives often depends on factors which are not 
controlled readily, such as the thickness of adhesive at 
the joint. The difficulty was overcome with the cold- 
curing resins; after a proof load had been applied the 
resins were de-natured by heating the steel button to 
a sufficiently high temperature, when the button could 





Table Il 
Examples of adhesion in a system of air ducts sprayed with 
aluminium 
Condition 
Adhesion, Thickness, of steel at 
Description of Coating tons/sq.in. in.x 10-* Interface 
Coatings suspect because of 0-48 (60%)* 8 Rusty 
appreciable rusting at the 0-49(75%) 16 Rusty 
interface. The values shown 0-65 (60%) a Rusty 
suggest that adhesion was 0-71 (60%) — Rusty 
adequate. 
Localized thick coating 0-12 (50%) 95 Rusty 
At the edges of coatings re- 0-26 18 Rusty 
paired locally by re-grit- 0-30 20+ Rusty 
blasting and re-spraying 0-15 _- Rusty 
0-22 — Rusty 
Heat-affected zone of a weld 
made outside the ductwork. 
(a) Over the weld 0-00 -— Rusty 
(b) 10 in. from weld 0-33 — Rusty 
Weld seams. Welds dressed, 
roughened with a pneumatic 0-23 (55%) — Clean 
tool and sprayed with molyb- 
denum before applying the 0-21 (95°) — Clean 


aluminium-spray coat. 





* Percentage of coating, 1 sq.in., removed during adhesion test; 
where no figure is given there was 100% removal. 
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be detached easily, thus leaving the coating intact with 
the exception of the narrow trepanned annular gap. 
Complete trepanning is probably unnecessary for thin 
coatings because the force needed to shear the 
deposits is small in comparison with their strength in 
adhesion. On the other hand, it would be desirable to 
cut through the excess resin around the edge of the 
button. In practice, steel test plates, processed to- 
gether with the work may be examined in the labor- 
atory or with the portable tester. 

Adhesion exceeded cohesion when the coating was 
delaminated during the test; thus the ultimate co- 
hesive strength of the coating was measured and this 
was also a minimum value for adhesion. If all the 
coating enclosed by the trepanned area was removed 
the ultimate adhesive strength also represented a 
minimum value for cohesion. In the latter case the 
ultimate cohesive strength of deposits thicker than 
approx. 0-004 in. might be determined additionally by 
bonding the detached deposit, still held on one face by 
the steel button, to a grit-blasted steel plate; the force 
required to split the coating would then be measured. 

Slight increase in temperature diminished con- 
siderably the time needed for curing the cold-setting 
resins. In the laboratory these temperatures could be 
obtained in a drying oven, but an electrically-heated 
button was devised to minimize the curing time under 
field conditions. This hollow steel button contained a 
small resistance element wound on a steatite former 
and insulated with mica. For safe use in construc- 
tional work the heater was designed to operate at low 
voltages. The curing times of the poly-ester resin were 
reduced to less than 2 hr but a further waiting period 
was necessary to ensure that the assembly had cooled 
to ambient temperature; otherwise, abnormally low 
adhesion values were obtained, presumably because 
the cured resin was relatively soft at elevated tempera- 
tures. After testing coatings non-destructively the 
electrically-heated button was readily detached by 
increasing the electrical input until the resin was de- 
natured. The heat loss in thick sections of coated steel 
prevented adequate curing of epoxy-resins. Hence it is 
unlikely that the heated button will be useful at 
present for measurement of very adherent spray 
coatings on site. 

When used as adhesives to join grit-blasted steel 
surfaces or to bond buttons to very adherent coatings 
the synthetic resins failed in the following ranges of 
stress in tension: 


Cold-curing poly-ester resin 0-5—1-2 tons/sq.in. 
Cold-curing epoxy-resin 0-9-1-4 tons/sq.in. 
Hot-curing epoxy-resin 1-5-2-8 tons/sq.in. 


The maximum strength of the alternative epoxy-resin 
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hot cured under pressure was not determined, but it 
should be similar or superior to that of the epoxy- 
resin that could be cured without pressure. The 
authors have not attempted to make a detailed survey 
of potentially suitable adhesives. Clearly, the avail- 
ability or development of stronger adhesives will ex- 
tend the scope of the test. 

In the laboratory the adhesion test is ‘applicable toa 

number of metal spray coatings on mild steel, where 
the steel surface has been prepared by ordinary grit- 
blasting techniques. Other than as a proof test, it 
might not be adequate for the deposits of very high 
adhesion obtained by coating specially prepared 
surfaces. In the field, where grit-blasting most fre- 
quently is the only practicable method of surface 
preparation, aluminium or zinc spray coatings can be 
tested, subject to certain limitations in the geometry of 
the metallized surfaces. 
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APPENDIX 


Details of the synthetic adhesives used in the adhesion tests 

Cold-curing poly-ester resin: a quantity suitable for 
two tests is made up as follows: 5 g Bakelite poly-ester 
resin S.R.17497, 0-2 ml. Bakelite Catalyst Q.17447 
and 0-1 g C.1.B.A. No. 9 Thixotropic Filler are mixed 
less than an hour before use, and 0-2 ml Bakelite 
Accelerator Q.17448 is added immediately before use. 

Cold-curing epoxy-resin: Araldite 33/1000 A & B (a 
two-part resin-hardener mix not requiring accurate 
measurement of quantities). 

Hot-curing epoxy-resin: Araldite No. | hot-cured at 
180°C. for | hr. 

Epoxy-resin hot cured under 50-100 Ib/sq.in. pressure : 
Redux K6 and Powder hot cured at 145°C. for 30 min. 
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Some Recent Developments in Brazing 


The development of brazing techniques over the past 30 years is 
briefly described, and it is shown that brazing is now able to assist 
designers and production engineers in many complex applications not 


By G. R. Bell, B.SC., A.R.S.M., 
A.R.I.C., A.I.M., M.INST.W. 


suited to other methods of fabrication. 
Examples are given of successful applications to materials with high 
alloy contents for which nickel-base brazing alloys are most suitable. 


Consideration is also given to the choice of fluxes and attention is 
drawn to the need for careful design appropriate to the technique and 
the maintenance of correct joint clearances. 


been in use for thousands of years, and some of 
the oldest brazing alloys differ little from 
modern standard compositions, until recently most 
brazing was employed either for decorative purposes 
or for components where performance in service of 
the brazed joint did not demand anything but very low 
properties in the filler metal. Within the past 20 or 
30 years, realization has grown of the potential value 
to engineers of brazing, and with this the theory and 
fundamentals of the brazing process and development 
of improved filler alloys have been the subject of an 
increasing amount of study. The volume of literature 
produced since the war is indeed large and certainly 
could not be discussed adequately in a short paper. 
The attachment of cemented carbide tips to steel 
shanks for the production of cutting tools and rock 
drilling bits, where the generally accepted joining 
methods by welding or mechanical means could not be 
considered, is an early example of the problems which 
gave impetus to brazing and emphasized the need to 
develop extremely good properties in a brazed joint in 
the face of considerable practical difficulties. Although 
carbides are not readily wetted by a copper-base 
brazing alloy the more serious drawback arose from 
the very great difference in thermal contraction of the 
carbide and the steel base between the brazing 
temperature and room temperature. This could induce 
disastrous stresses in the joint with failure of the 
component in service. Sandwich brazing, with an 
intermediate layer of a suitable alloy, provided one 
means of accommodating the differential cooling 
stresses. The tremendous technological advances 
achieved since the war in aeronautics, rocketry, 
guided missiles, and in atomic energy demand alloys 
of better and better properties. These often have to be 
fabricated in complex form and may present difficult 
manufacturing problems (Figs. 1 and 2), providing a 
field in which brazing can often offer assistance to 
designers and production engineers. In examining the 
potential of brazing, engineers are not only using the 
technique to an ever increasing extent, but are making 
continuous demands on the manufacturers of brazing 


Aven brazing as a joining technique has 
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alloys to provide new and improved alloys to meet 
changing metallurgical and engineering requirements. 

Fundamental study of alloy systems, laboratory 
determinations of the mechanical properties of joints, 
etc., are important essentials for the intelligent 
formulation of brazing alloys; but it must be borne in 
mind that the composition and properties of the filler 
metal may change appreciably during brazing because 
of interaction between it and the base metal. Other prop- 
erties, such as joint clearance, heating rate, purity and 
nature of the brazing atmosphere can all affect greatly 
the properties of the brazed joint, so this paper will 
comment on some recent lines of investigation and 
general principles which may have emerged from these, 
rather than deal with particular alloys and specific 
properties appertaining thereto. 

Nickel-base alloys have provided much interest, 
nickel having a reasonably high melting point. It 
alloys easily with many other elements, and exhibits 
excellent corrosion resistance and reasonable high- 
temperature properties. The nickel alloys are com- 
patible with many of the highly alloyed steels, the 
nickel-base and chromium-base high-temperature 
alloys, stainless steel, and other corrosion resistant 
alloys now used for many of the more specialized 
engineering applications. Nickel-chromium-iron alloys 
were the first to be used for high-temperature service,! 
the chromium imparting good high-temperature 
strength and oxidation resistance to the nickel base. 
Boron and silicon can be added to reduce the melting 
point so that complex materials result. These exhibit 
wide melting ranges, a desirable property for the 
production of a fillet joint, but requiring strict control 
of brazing conditions, for the alloys may show 
liquation and possibly grain-boundary penetration. A 
fillet is an advantage in ensuring that there is no point 
of high stress concentration in the joint. It will act also 
as a Seal against any slight imperfections which may be 
in the joint itself, and may at times ensure that the 
outer layer of the braze remains at the same com- 
position as was used initially. 

Interaction between the metal being joined and the 
filler alloy may arise through various mechanisms such 
as solution of base metal in the filler, diffusion of the 
filler into the base metal by intergranular penetration 
or intracrystalline bulk diffusion. Constituents of the 
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1—Austenitic stainless steel (Type 
347) turbine rotor produced from 
38 separate pieces brazed with 
AMS 4775 type alloy (Standard 
Nicrobraz), in dry hydrogen, at 
1175°C. 





2—Nozzle assembly prepared for brazing. Components made in 
18/8 stainless steel and pure nickel, using AMS 4775 alloy 
and Nicrocoat for surface protection. Note use of white stop- 
off material to limit flow of brazing alloy over surface 


filler alloy may react with oxides on the base-metal 
surface to form slag products or a new alloy. Inter- 
metallic compounds may form at the interface between 
filler and base metal. Additionally, composition 
changes may occur owing to the volatilization of an 
alloying element from the filler, and this in turn may 
be affected by the nature of the brazing atmosphere. 
Bredzs and Schwartzbart® have studied such base- 
metal/filler-metal interactions on steel brazed with 
copper and silver alloys. Their results suggest that 
saturation of the filler metal with base metal during 
brazing, followed by precipation of excess base metal 
within the filler-metal layer or on the base-metal/ 
filler-metal interface, may be a universal phenomenon 
in brazing. Solution of iron in the copper and silver 
alloys was rapid, and at times saturation of filler metal 
occurred before the capillary gap was completely filled. 
The changing composition of the filler metal will alter 
the solidus and liquidus and, unless this is anticipated 
and allowed for, an inferior, incompletely brazed 
joint might result. In any case the mechanical proper- 
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ties of the filler metal could change appreciably. 
Preferential solution of the high’spots on a rough metal 
surface will lead to a smoothing of the latter until the 
filler metal is saturated with the base metal. This 
could alter the apparent clearance of the joint and 
might necessitate initial specification of a good surface 
finish on the metal. 

Canonico and Schwartzbart* studied the addition of 
indium and lithium to nickel-iron and chromium-base 
alloys to reduce the brazing temperature and assist the 
flow when brazing Inconel to stainless steel in a 
hydrogen atmosphere. The addition of lithium to 
nickel-chromium-germanium alloys provided material 
with oxidation resistance at 900°C.; but the use of 
indium resulted in loss of oxidation resistance. 
Indium is a very desirable addition to reduce the 
melting temperature and improve flow characteristics. 
Lehrer and Schwartzbart* examined the possibility of 
removing indium after brazing to restore the oxidation 
resistance alloy, which in turn would increase the 
melting point leading to an increase in the high- 
temperature strength and the development of a 
brazing system which could be used for successive 
build-up in a complex assembly using step brazing. 

The two most important mechanisms which can 
give compositional change during brazing are solution 
of the base metal in the filler or selective diffusion of 
the filler, or constituents thereof, into the base metal 
to provide new alloys; or removal of an alloying 
element by volatilization to effect a change in com- 
position. From theoretical considerations and experi- 
mental data it was concluded that the remelt tempera- 
ture would increase only if the diffusing or the 
volatile element exhibited some solid solubility in the 
filler alloy. The effect on remelt temperature by either 
mechanism would be proportional to the solid 
solubility. The greatest increase in remelt temperature, 
in the absence of volatilization, was obtained with the 
nickel—indium—chromium- germanium quaternaries 
and a 6% P, nickel-phosphorus alloy. It is interesting 
to note that although phosphorus is very volatile by 
itself it is not removed from nickel alloys, even under 
vacuum brazing. A 39°, In, nickel-indium alloy gave 
the greatest temperature increase owing to loss of an 
alloying element by volatilization. The nickel-chrom- 
ium-indium-—germanium quaternaries containing 26%, 
In flowed and wetted the base metal well, and gave a 








168 


good increase in remelt temperature; but the increase 
was greater with vacuum brazing than in helium, 
suggesting that both diffusion into the base metal and 
volatilization could operate with such an alloy. 
Diffusion of some of the filler metals into the base 
metal is an important consideration in many brazing 
applications, and is often used with advantage in the 
nickel-chromium-boron-silicon alloys of the type 
now covered by numerous AMS specifications.® 
Control of brazing conditions may give an increase in 
remelt temperature from about 1050° to 1350°C. or so. 
Peaslee and Boam® have provided much interesting 
data on the effect of brazing temperature on joint 
properties and mechanical strength of brazing with 
such alloys, as well as silver-manganese brazing 
alloys and brazes made with pure copper. There is 
some penetration of the base metal by boron which is 
both an advantage and at times a drawback of the 
alloys. It has been suggested that this action is 
associated with the wide solidus-liquidus range but 





3— Diesel engine exhaust tube assembly fabricated in austenitic, 
type 302, stainless steel. The bellows’ wall thickness being only 
0-010 in., is brazed to the two pipe sections using AMS 4777 
(L.M. Nicrobraz) alloy in dry hydrogen at 1040°C. 





4—Compressor turbine for aircraft air-conditioning system, 
brazed from 60 separate pieces in dry hydrogen using Standard 
AMS 4775 alloy 
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Bredzs and Schwartzbart' found that eutectic alloys 
of Fe-B, Ni-B, and Pd-B will penetrate grain bound- 
aries and dissolve base metals under varying condi- 
tions. Boron penetration has also been shown to be a 
function of the carbon content of either the base metal 
or the brazing alloy. Boron in most alloys, and silicon 
to a lesser extent, produces the effect of embrittlement 
as a result of the grain-boundary penetration. Cape’ 
disagrees that boron diffuses selectively into stainless 
steel, and from microscope examination and hardness 
determinations concludes that other elements diffuse 
with boron into the base metal. This diffusion provides 
a mechanism whereby the ductility of the joint can be 
greatly increased by treatment at an elevated tempera- 
ture. Although a disadvantage when fabricating 
honeycomb section from very thin sheet metal, the 
ability of the boron alloys to dissolve and diffuse into 
steel does permit the production of joints of con- 
siderably higher strength than can be obtained from 
the use of non-alloying brazing alloys, and the 7% Cr 
alloy (AMS specification 4777) is finding increasing 
industrial application (Fig. 3). It is used at a lower 
temperature than the widely applied AMS 4775 alloy 
(Fig. 4) and gives less rapid solution of the steel. By 
careful control of the brazing conditions satisfactory 
resuits have been obtained in the brazing of honey- 
comb sheets. The addition of 10°% Co is claimed to 
reduce penetration of steel by the Ni-Cr-B alloy.’ 

Miller, Gonser and Peaslee* carried out brazing 
experiments, physical tests, and checks on oxidation 
and corrosion resistance on a number of binary and 
ternary alloys to provide fundamental information for 
the development of high-temperature brazing alloys. 
In line with many investigations T specimens were 
employed. These are fabricated by brazing together 
two strips of the required base metal. This type of test 
piece enables flow, wetting, and penetration properties 
to be examined easily; fillet formation can be assessed, 
whilst bending and twisting tests permit ready com- 
parative examination of the mechanical properties of 
the joints. Conclusions drawn from these experiments 
were that although the flow and wetting properties of 
an 11% P, nickel-phosphorus alloy were excellent, 
ductility and oxidation resistance above 800°C were 
relatively poor. Surprisingly, high-phosphorus alloys 
containing more than 17% P showed superior proper- 
ties. Ternary alloys were made by adding a third 
element to the low-melting 11 °% P alloy. The addition 
of silicon increased the oxidation resistance in propor- 
tion to the P/Si ratio. The extremely good brazing 
characteristics of these alloys suggest that the system 
offers good practical possibilities, but it seems desir- 
able to add a fourth element to reduce the melting 
point of a high-silicon composition (it did not seem 
possible to produce a ternary eutectic), while retaining 
or improving the ductility, strength, and oxidation 
resistance of the alloy. 

There are several eutectics in the Ni-Si binary 
system. One contains 12% Si another 29% Si. The 
lower alloy showed excellent brazing characteristics, 
physical properties, and oxidation resistance, but the 
melting point was higher than that of any of the 
phosphorus-bearing alloys. Ternary alloys were 
examined, based on both silicon contents even though 
the higher alloy had failed to provide a satisfactory 
joint because of the presence of SiO,. Manganese 
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provided an interesting addition, the melting point 
decreasing until an alloy containing 7-5°% Si, 22-5% 
Mn was reached. The manganese, besides lowering the 
melting point, increased the fluidity of the alloy 
without drastically impairing its oxidation resistance. 
The ductility was relatively good. 

Many other alloy combinations were examined, 
particularly good results being obtained with Ni-P—Cr 
and Ni-Si-Cr alloys. Brazing metals based on both 
alloys have subsequently been developed com- 
mercially,® the former now having interesting possi- 
bilities in the atomic energy field, where resistance to 
high-temperature oxidation and attack from molten 
sodium may be required in an alloy free of boron, for 
the latter element is frequently not permissible in 
atomic energy applications. 

The 17-4 PH material is one that is difficult to join 
under almost any conditions. Cape’ reports that the 
addition of 2% Ti to a Ni-B alloy permits the forma- 
tion of sound joints, showing very good impact 
strength. Apart from metallurgical considerations, 
difficulties in normal production present problems to 
the manufacturers of brazing alloys. One is the diffi- 
culty of controlling gaps to extremely small toler- 
ances. The gap must be sufficiently small to enable the 
brazing filler to flow by capillary action to completely 
fill the joint. However, too small a gap may inhibit 
complete penetration and with base metal reaction so 
increase the melting point of the filler that it solidifies 
in the joint. Various alloy systems are stated to be 
helpful in filling wide gaps. Two mentioned by Cape 
are 68% Mn-Ni alloys containing 1° Co, which is 
said to be useful in imperfect atmospheres, and a 
similar alloy containing 16% Co, advocated for 
joining stainless steels containing aluminium and 
titanium. Both are said to be able to fill gaps between 
0-010 and 0-060 in. and to give excellent fillets. 
Another approach by the Wall Colmonoy Corpora- 
tion has been the development of a special alloy, based 
on Ni-—Cr-B-Si, which can be used on horizontal 
joints with clearances not exceeding 0-060 in. and on 
vertical joints with a 0-030 in. gap possibility. This 
Company manufactures also a ‘Fillup’ alloy powder 
which can be introduced into wide gaps to assist the 
flow of brazing material.’ Palladium-containing 
alloys are considered in a paper by Hinde and Perry" 
who state that important properties, characteristic of 
these alloys, include the possibility of filling gaps up to 
0-020 in. This property, combined with the ability to 
penetrate considerable distances, may provide con- 
siderable economy in manufacture, eliminating costly 
final machining operations to close dimensions. The 
ability to flow over a surface is associated with the 
wettability of the base metal by the brazing alloy. This 
wetting reaction between the two components has 
been the subject of considerable investigation by 
Feduska'? for a number of high-temperature brazing 
alloys. Not only is the nature of the brazing alloy 
important, but the composition of the base metal can 
equally influence the wetting reaction. Of the base 
metals investigated, the Co-base alloys were most 
readily wet, whilst iron and nickel alloys containing 
titanium proved to be the most difficult. Nickel- 
chromium-silicon and nickel—boron-silicon alloys 
produced the best overall wetting. The performance of 
the former seems appreciably impaired either by an 
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increase in the carbon content or by the presence of 
manganese. The only other alloys tested were Ni-Cr- 
Si-B-C and Ag-—Mn. Considering the six alloys in 
general, vacuum brazing was superior to either dry 
hydrogen or dry helium in promoting wetting. 
Titanium will react with hydrogen, oxygen, or carbon 
to form a surface compound film which retards wett- 
ability. One interesting observation is that super- 
heating generally produces a decrease in wettability. 
This was attributed to the increase in liquid-brazing- 
alloy/solid-base-metal interfacial tension at the higher 
temperature as well as to greater reaction between the 
filler and base metal. Cibula'* has also investigated the 
spread of brazing alloy and emphasizes the need for 
rapid movement of the filler to the mouth of the joint 
so that capillary flow may begin. 

The Pd-containing alloys discussed by Hinde cover 
twelve compositions developed for different applica- 
tions. Of these, two based on Ag-Pd—Mn and one on 
Ni—Mn-Pd, were intended primarily for use in gas- 
turbine blading. The latter alloy overcomes a difficulty 
found if the Ag-Pd—Mn alloys are overheated, when 
segregation of a weak silver-rich solid solution occurs 
at the centre of the joint. Many modern brazing alloys 
are complex in structure, so producers must be alive 
to the danger that can arise from immiscible phases. 
The Ni-Mn-Pd alloy also offers good resistance to 
attack by sodium, and quaternary alloys which also 
include copper have been developed for nuclear 
energy requirements, for joining stainless steel without 
flux, in nitrogen. Such alloys exhibit very little base- 
metal attack. 

Among other metals and alloys for which special 
brazing materials have been devised are Inconel X, 
Cape suggesting the addition of sodium fluoride to 
AMS 4777 alloys, whereas Kinelski and Adamec™ 
advocate a Pd-Ni alloy containing lithium and boron. 
It is claimed that graphite may be brazed to many types 
of stainless steel’ using an alloy of 72% Au, 6% Cr, 
22%, Ni. Although this alloy dissolves steel, it does not 
penetrate rapidly. Lewis et a/.'° have investigated a 
number of titanium-base and silver-base alloys for 
brazing titanium, both to itself and to steels. Silver 
and silver—-aluminum alloys gave successful titanium- 
to-titanium joints, but it is difficult to obtain ductility 
in a titanium-to-steel braze. The Ni-Ti eutectic has 
been covered by patents'® for joining titanium and its 
alloys. Haskins and Evans!’ provide numerous 
references to articles dealing with the brazing of 
columbium, tantalum, beryllium, tungsten, and molyb- 
denum, but space does not permit discussion of these. 

Advances in aeronautical engineering have pro- 
duced great interest in the manufacture of honeycomb 
panels, and numerous heating methods have been 
suggested for their production, uniformity of heat 
input and temperature control being very important. 
Fluxes which leave a solid residue cannot be enter- 
tained in such manufacture, and if fluxes are essential 
gaseous materials should be used. Ashley!* considers 
the use of the boron trifluoride type of flux. Volatile 
fluxes are available commercially, as are brazing 
alloys containing volatile materials to improve 
cleansing of the base metal and to overcome defici- 
encies of marginal brazing atmospheres.'*® 

However good the brazing alloys, however care- 
fully the metallurgical considerations are studied, the 
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Sheet metal skins 







Sheet metal insert 
(open centre) 





Cast insert 


5—Hollow, air-cooled turbine stator blades. Left hand side shows 
design using cast inserts and thin airfoil skin. The direction of 
thermal fatigue cracking is indicated. Right hand view shows 
a sheet metal design giving improved service life 


J 


6—Tubular rocket engine thrust-chamber brazements. The left 
sketch shows a ‘square’ tube design which when brazed presents 
a very rigid structure subject to thermal fatigue. The right 
sketch shows the tubular design which is more flexible and 
shows better service life 





0.005” 
Solid bars 0.010" sheets 
7—Corrugated sheet-metal heat-exchanger showing two points of 


failure found in this design. Both failures are caused by 
differential heating of the heavy bars and thin sheet metal 


production of a sound brazed joint is impossible if 
initially it is incorrectly designed. The need for careful 
design, the realization for example that the joint 
clearance at the brazing temperature and not at the 
temperature of assembly is important, that difficulties 
may arise from differential thermal contractions 
between mating parts, and the possibility of distortion 
due to the heating cycle, have all been recognized by 
engineers for some time, and much more careful 
consideration is now given to the design of com- 
ponents. One danger which may not be generally 
recognized has been emphasized by Peaslee;”° that is, 
the effect of thermal fatigue in causing the failure of 
brazed joints. There have been numerous cases in 
which the brazing has been blamed for failure of the 


joint but where analysis has shown that the assembly 
would have failed from fatigue anyway, had it been of 
welded construction or even made from one solid 
piece of metal. 

Peaslee defines thermal fatigue as “the tendency for 
metals to break under conditions of repeated cyclic 
stressing considerably below the ultimate tensile 
strength, the stressing being produced by the non- 
uniform distribution of heat into the metal part.” 
Thermal fatigue failure occurs at the grain boundary, 
with the failure starting at the point of maximum 
stress concentration where differential temperature is 
the greatest. The grain boundaries are oxidized and in 
severe cases metal oxide will appear to be exuding 
from cracks at the grain boundaries. 

One of the major reasons for using brazing is in 
joining sheet metal to heavier sections, and thermal 
fatigue failure will occur at the point of change in 
cross-section. Case histories, taken from Peaslee’s 
article, provide the best means of describing this type 
of failure and indicate ways in which it may be over- 
come. Figure 5 shows the approach of different 
companies to the manufacture of air-cooled turbine 
stator blades. In one (LHS) a precision-cast insert had 
a sheet-metal sheath brazed to it. In use, the heavy cast 
section heated very slowly, while the temperature of 
sheet metal rose rapidly; cooling occurred conversely 
when the engine stopped, and this led to the develop- 
ment of cracks in the positions indicated, because of 
the high stresses induced during the differential heat- 
ing and cooling. The other method of manufacture 
shown involves the use of a thin sheet liner, which is 
both flexible and is heated much more uniformly at the 
nodes. Service life is greatly improved. 

Figure 6 illustrates the production of a tubular 
rocket-engine thrust chamber. Sketch A shows the 
design based on ‘square’ tube sections. As produced 
initially, the tubes were brazed only at the outer 
diameter of the throat area, the tube angle being 
incorrect and excess clearance remaining along the 
sides between adjacent tubes. The assembly func- 
tioned satisfactorily, but acids produced on firing 
accumulated in the crevices on shut-down, and this 
condition was considered to be undesirable. Improve- 
ment in the production of the tube angles enabled the 
joint to be made completely along each interface 
between tubes, as is shown in the diagram, producing, 
in effect, two solid rings with stiffening struts between 
them. These thrust chambers failed, allegedly because 
the brazing alloy flowed across the surface of the 
tubes. Yet, on analysis, the failure can be shown to be 
due to the fact that the outside ring was approximately 
at room temperature while the internal section was 
overheated at the return tube, so that this metal upset, 
and when the engine was shut down the cold liquid 
rapidly quenched the overheated area, tearing the base 
metal apart. Redesign as shown at B, using ‘oval’ 
tube, has given comparatively little difficulty with 
thermal fatigue. The tubes are now quite flexible. 

The manufacture of heat exchangers is becoming of 
greater importance both in aluminium-base alloys and 
in stainless steel. Figure 7 shows a corrugated sheet- 
metal heat-exchanger fabricated with heavy solid bars 
at the ends of the face sheets. After numerous cycles of 
operation between 535° and 850°C. leaks developed. 
Two different areas of thermal fatigue could be noted 
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8—Successful design of brazed heat- 
exc er plates. Note substitu- 
tion of heavy, bar sections with 
U and L sections 


Edge joining member 


9—Honeycomb structure subjected to high-temperature service. 
Thermal fatigue cracking is shown at the junction between the 
heavy and thin sections 


(indicated by the arrows), one where the 0-010 in. 
sheet runs parallel and adjacent to the heavy solid bar, 
the second where the 0-005 in. corrugated sheet is 
brazed over the heavy bar; in both locations heavy 
stresses will be produced during the heating and cool- 
ing periods. Figure 8 shows how such heat-exchangers 
may be made to avoid such difficulties. Similar 
troubles may be experienced with honeycomb sections, 
as is illustrated in Fig. 9. Cracking will occur if heavy 
inserts are used in conjunction with thin sheet metal. 
It is necessary to reduce the temperature gradient by 
using thinner, edge-joining members, and possibly to 
incorporate a tapered flange to broaden out the band 
of thermal-stress gradient. It is wise to avoid base 
metals which contain readily oxidizable constituents 
as these can permit concentration of stresses in the 
grain goundaries. At times, brazing alloys which have 
good high temperature oxidation resistance will reduce 
thermal fatigue development by covering the stressed 
area with a protective film, so preventing oxidation 
along the susceptible grain boundaries. 

Brazing is playing an increasingly important part in 
production engineering these days, and whilst much 
thought has been put into the development of differ- 
ent alloys, many of which are now commercially 
available fer different applications, further improve- 
ments may be expected in the next few years as the 
fundamental requirements for the production of 
sound brazes, particularly in new alloys, are worked 
out. The development of new and improved base- 
metal alloys, and the production of first class brazing 
alloys for use with them, must, however, be accompan- 
ied by improvement in design. The efforts of engineers 
must be to overcome deficiencies caused, not by the 
base metal, the filler alloy, or interaction between these 
two, but from factors in the design of the joint itself. 


N 
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Influence of Storage Time on 


By Claes Pfeiffer 


Weld Metal Ductility 


Tests were carried out on all-weld-metal specimens to determine how 
the storage time of the test bars influenced the ductility of the weld 
metal. The results showed that if the bars were stored long enough to 
avoid fish-eye formation the mechanical properties were approximately 
the same as those for degassed specimens. The tendency to fish-eye 
formation was influenced by the hydrogen content of the weld metal 


and also by the type of electrode. 


of fish-eye formation was first considered by 

Helin,' and the phenomenon has later been 
studied by many research metallurgists. Most of the 
research work has been done with tensile test bars as, 
for instance, work done by Hummitzsch? who has 
studied the contraction of all-weld-metal tensile test 
bars after different storage times. He found that the 
basic weld metals change their elastic characteristics 
only slightly due to fish-eye formation, and that no 
fracture surface had more than one fish-eye. As has 
been pointed out by Bastien? it is more correct to study 
the contraction of the test bar than the elongation, 
since the elongation is measured not only over the 
final fracture area but also over an extended length of 
the test bar and is thus less sensitive to the effect of 
fish-eyes. The contraction is measured over the 
fracture area. In this investigation both the elongation 
and the contraction have been studied. 

Blake* has pointed out that the true rupture strength 
is diminished with rising hydrogen content but that 
the nominal rupture strength is not changed due to 
hydrogen in the weld metal. 

Colbus® found that an annealing for 6 hr at 250°F. 
would cause the escape of the diffusible hydrogen 
from the weld metals which also, according to him, 
happens after three weeks’ storage at room tempera- 
ture. 

This investigation was a study of the influence of 
storage time, up to 1,000 hr, on the reduction in area 
and the elongation of test bars made of all-weld-metal 
from five different types of electrode. 

The electrode types tested are listed in Table I 
together with the ISO-designations and their mechan- 
ical properties. The all-weld-metal tests were made in 
accordance with the standards of the Welding Com- 
mittee of the Swedish Academy of Engineering 
Sciences.* These state that the weld metal shall be 
welded on a base material of rimmed steel with the 
following chemical composition: 


Ts hydrogen content of the weld metal as a cause 


C max. 0-07% P max. 0-:05% 
Si , 003% $-, 006% 
Mn ,, 0-35% Cu, 005% 


The beads laid down with each electrode shall have 
a length of 200-250 mm, and the interpass temperature 
shall be 100°C. max. 

Figure | shows the test bar and the U-shaped base 
material on which the weld metal was deposited. The 
test bar had a diameter of 10 mm and a gauge length 
of 50 mm. The test bars were stored in the machined 
condition at room temperature. 

The chemical composition and the hydrogen con- 
tent of the weld metal determined at 45°C., as well as 
the coating moisture are given in Table II. 

The hydrogen test was performed so that four test 
specimens were prepared by depositing a single bead 
of weld metal on each of four plates measuring 
4x lin. x approx. Sin. long, using 5mm dia. electrodes 
under the manufacturer’s recommended welding 
conditions. 

Before welding, the plates were thoroughly cleaned 
and weighed to the nearest 0-1 g. The weld beads were 
about 44 in. long, and within 30 sec of the completion 
of welding the specimens were quenched in water at 
20°C. 

Within 120 sec of the completion of welding they 
were cooled, cleaned, and placed in apparatus suitable 
for collecting hydrogen by the displacement of 
glycerine. The specimens were immersed for 48 hr in 
the glycerine, maintained at a temperature of 75°C. 
The specimens were again weighed to determine the 
weight of weld metal deposited. 

The test conditions described have been criticised. 
Zeyen’ has pointed out that the test has to be con- 
tinued for two weeks in order to ascertain the total 
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Table I — Mechanical properties of electrodes 





A, min 

o, min 6, min ISA 
ISO-Code kp/sq.mm — |b/sq.in. % kpm/sq.cm 
E432 R22 52 74,000 22 7 
E332 T22 48 69,000 22 7 
E423 Cl6 52 74,000 18 9 
E243 A24 44 63,000 26 9 
E355 B29 48 69,000 30 13 


Usable Welding Position 


All positions except vertical down 
All positions except vertical down 
All positions 

All positions except vertical down 
All positions except vertical down 


Type of Current 


a.c. (50 V) and d.c. straight polarity 
- a.c. (50 V) and d.c. straight polarity 
a.c. (70 V) and d.c. reverse polarity 
a.c. (70 V) and d.c. both polarities 
a.c. (95 V) and d.c. reverse polarity 
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Table II — Weld metal compositions and hydrogen contents 





Hydrogen, cc per 100 g Weld Moisture Content, % 

























































































ISO-Code Com ma KX Mn, % Mo, % Metal (ASTM A233-48T) (105) (150) (1,000) 
E432 R22 0-10 0-40 0-50 _— 30 1-0 _ — 
E332 T22 0-10 0-25 0-40 _— 23 1-4 am oi 
E423 C16 0-09 0-25 0-50 0-40 41 Es — _— 
E243 A24 0-10 0:20 0-40 22 _ 0-5 1:7 
E355 B29 0-10 0-60 0-60 _— 6 — 0-12 0-48 
60——_—— 
amount of diffusible hydro- = | | 
gen. Sadowski and Richter® % 50! . 
have also referred to the ee , . E 
influence of the viscosity of “ oa 7 
the glycerine, and Roux* has = & 30, : ' | 
suggested the use of mercury 3S | ; 
instead of glycerine. @ 20} «-Fish eyes | 
ae stitial 
Test Results 20 40 6080100 200 400600 1000 
TIME , br 
: . a “?_" —— shown 2— Reduction in area—Electrode ISO—E432 R22 
in Figs. 2-11. The presence 
| of fish-eyes is symbolized a ia eT Ee 
with across. Theresultsfrom — = ¢» ° ; . s ° | 
| | test bars tested after degas- << ; i ’ 
=! sing for 16 hr at 250°C. are = 50 + 
shown by open circlestothe ° 
| left in the diagrams. S 40 
It seems to be easier to 8 
cr t observe the influence of fish- © 0 fen 
T eyes when studying the re- 20 
— duction in area than when 10 20 40 60.80 100 200 400 600 1000 
| studying the elongation but aieend 
the tendency towards low 3— Reduction in area—Electrode ISO—E332 T22 
4 ~—-values owing to fish-eye for- 
| mations is obvious also in < 70 aie P 
' the diagrams that show the & 4 ” 
ea elongation as a function of z ° P P ¥ 
o's i. storage time. Z 59 : = . : ; 
1—Tensile test bar,10 mm mi! —t, a his ” 5 
Tee eth ee iydcogea content (Rabie © 0a aan — 0 an oD 


est hydrogen content (Table 
Il), and Figs. 2 and 7 show 
that both the reduction in area and the elongation are 
markedly influenced by the fish-eye formation. At the 
same time it is obvious that the tendency to fish-eye 
formation has not disappeared after 1,000 hr. 

The TiO, electrode type (Figs. 3 and 8) shows fish- 
eye formation after a storage time of 18 hr; the 
critical time is between 0 and approx. 300 hr. After 
that time both the reduction in area and the elongation 
have reached values which are slightly better than 
those of test bars which have been degassed. After 
300 hr the fish-eye formation seems to occur only 
occasionally. 

It is of interest that values obtained from test bars 
which had been stored so long that no fish-eyes were 
formed are better than those for test bars which had 
been degassed. This same tendency is shown by other 
electrode types than EXXX T XX. 

The cellulosic type of electrode (Figs. 4 and 9) 
tested shows only occasional fish-eyes up to storage 
times of 100 hr, and the tendency to fish-eye formation 
has not disappeared after 1,000 hr. At storage times 
less than 100 hr the fish-eye formation is very slight, 


TIME, br 
4— Reduction in area—Electrode ISO—E423 C16 


but the influence of hydrogen on both the reduction in 
area and the elongation is apparent without the forma- 
tion of any visible fish-eyes. This same feature applies to 
the basic-coated type of electrode. 

Test bars from acid electrodes (Figs. 5 and 10) show 
fish-eyes in only a few test bars after both short and 
long storage times. There seem to be slightly lower 
reductions in area and elongation during the first 50 hr 
after welding, but subsequently there seems to be no 
influence of hydrogen on the ductility of the weld 
metal if no fish-eyes are formed in the test bars. The 
results obtained from test bars which had not been 
degassed but stored are also for this type slightly better 
than those from degassed bars. 

The basic-coated electrode type (Figs. 6 and 11) 
shows fish-eye formation after 18 hr but not after 
12 hr and the tendency to fish-eye formation is limited 
to a short time, about 50 hr after welding; from that 
time fish-eyes are formed only occasionally. During 
the first period after welding the ductility of the test 
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bars which had not been degassed is worse than that of 
degassed bars although there was no fish-eye forma- 
tion. ~ 


Determination of Hydrogen Content at 650°C. 


A few bars were tested with respect to the hydrogen 
content extracted at 650°C. The determination of the 
hydrogen content was made on the threaded portion 
of the test bar, since this part is unstressed. The 
specimens were placed in dry ice immediately after 
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testing so as to retain the hydrogen in the weld metal 
until the analyses were carried out. 

The hydrogen was extracted under vacuum in 
a modified apparatus described by Bjerkerud’®™ and 
the gas was analysed in a microgas analysis apparatus 
according to Feichtinger.'? The results of this hydro- 
gen determination are given in Table III. The values 
show the hydrogen content of the test bars in cc per 
100 g of weld metal at NTP. Fish-eyes were observed 
in the bars for which the hydrogen content is in bold 
figures. 


Discussion 


From Table III it is clear that the fish-eye formation 
is not due to the hydrogen content itself but to the type 
of weld metal. The basic-coated electrode type has 
produced fish-eyes at a hydrogen content of about 
2 cc/100 g but the acid electrode type shows no fish- 
eyes in spite of its high hydrogen content. 

There are also test bars with very high hydrogen 
contents which have not resulted in fish-eyes; for 
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Table III — Hydrogen, cc per 100 g (NTP) extracted at 650°C. 





Degassed at 250°C. 


for 16 hr 
£432 R22 10-9 
E332 T22 — 
E423 C16 4-5 
E243 A24 — 
E355 B29 — 


ISO-Code 100 hr 
9-5 ~ 
22- —_ 


13-78/12-48 — 
3°8 


Storage Time 

200 hr 

5-6/7-3 
19-6/27-2 


300 hr 
6-6 


9-4/12-0 
41 


500 hr 
7:3 


9-9/13-4 


1,000 hr 
8-2 





instance, the TiO, type after 200 hr and the cellulosic 
type after 500 hr, in each case one test bar out of three 
without fish-eyes. 

The difference in slag distribution and cavities in the 
weld metal of other types as well as the difference in 
the supply of hydrogen from the coating components, 
and thus the different H,-O, balance in the weld 
metal, is a possible explanation of the fact that fish- 
eye formation is due not only to the hydrogen content 
but also to the type of welding electrode. 

The degassing means not only a diffusion of the 
hydrogen to the surface of the test bar but also a 
diffusion to inner cavities in the weld metal, for 
instance to slag inclusions and pores. The hydrogen 
determined at high temperatures may therefore, after 
degassing, reach values as high as those after a short 
storage without degassing. The hydrogen content of 
the weld metal is distributed in a different way after the 
degassing and no fish-eyes are formed because in the 
degassed test bar the hydrogen is to a certain extent in 
the molecular form, whereas in a test bar which is not 
“degassed” the hydrogen is so distributed that, during 
testing, it diffuses to places predestinated for fish-eye 
formation, such as macro- and micro-fissures and 
pores and other types of cavity. In cases when the test 
result is influenced without the formation of visible 
fish-eyes it is possible that part of the hydrogen is con- 
centrated at dislocations of any kind. 

In many test bars more than one fish-eye was formed 
during testing. This occurs with all weld metals. There 
seems to be no correlation between the area of fish- 
eyes and the area of the test bar before or after testing. 
The relationship between the diameter of the central 
cavity and the diameter of the fish-eye has been 
studied, but there seems to be no exact correlation 
between them. The results are shown in Fig. 12. 


Conclusions 


(1) Storage of tensile test bars during a certain time 
is equivalent to degassing at 250°C. for 16 hr with res- 
pect to the tendency to fish-eye formation. The storage 
time necessary is dependent on the electrode type used. 

(2) The storage time needed to prevent fish-eye 
formation is dependent on the electrode type. 

(3) The ductility of the weld metal, after storage 
times long enough to avoid fish-eye formation 
approaches at least the same values as those obtained 
after degassing of the test bars. 

(4) The tendency to fish-eye formation is not only 
due to the hydrogen content of the weld metal but also 
to the type of electrode used. 

(5) There seems to be no exact correlation between 
the diameter of the central cavity and the diameter of 
the fish-eye. 
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TENTATIVE RECOMMENDED TERMS AND DEFINITIONS FOR THE 
WELDING OF THERMOPLASTICS 


THE Joint Committee on the Welding of Thermoplastic 
Materials, which is sponsored by the Plastics Institute, The 
British Plastics Federation, and the Institute of Welding, 
has been examining the existing terms and definitions for 
the welding of thermoplastic materials. The Committee is 
of the opinion that some improvement in the definitions is 
desirable, and that a number of further terms should be 
included. A study of this subject was, therefore, undertaken 
and a list of recommended terms and definitions has been 
prepared. This list has been approved by the three sponsor- 
ing organizations for issue as a tentative recommendation. 

The Joint Committee will welcome comments on the 
following recommended terms and definitions; comments 
may be submitted to any of the three sponsoring organiza- 
tions. 

The references (in parentheses) indicate the British 
Standard in which the term is already defined. 


Dielectric welding 
See High-frequency welding 


Filler rod 

A rod of thermoplastic material used in hot gas welding, 
to provide a source of softened or molten material to fill a 
welded joint. (BS.1755: 1951—No.7605.) 


Flame sealing 
A welding process in which the surfaces to be united are 
softened by the heat of a flame. 


Friction welding ‘ 

A pressure welding process in which the surfaces to be 
united are softened by heat generated by friction. (BS.1755: 
1951—No.7611.) 


Heat sealing 

A term applied particularly in the packaging industry to 
the welding of thin thermoplastic materials (generally 
below 0-020 in.). 


Heated tool welding 

Radiant heat sealing. Radiant heat welding. 

A pressure welding process in which the surfaces to be 
united are softened by conduction or radiation of heat 
from heated tools. 


High-frequency welding 

Dielectric welding. 

A pressure welding process in which the surfaces to be 
united are softened by heat produced by a high-frequency 
field. (BS.1755: 1951—No.7602.) 


Hot gas welding 

A pressure welding process in which the surfaces to be 
united are softened by a jet of hot air or inert-gas produced 
by a welding torch. (BS.1755: 1951—No.7603.) 


Impulse sealing 

A pressure welding process in which the surfaces to be 
united are subjected to rapid heating followed by cooling, 
pressure being maintained over the whole of the cycle. 


Induction welding 
A welding process in which the surfaces to be united are 
softened or melted by heat transferred from an electrical 


conductor which is embedded in the thermoplastic and is 
itself heated by currents induced in it by an alternating 
magnetic field. 


Molten bead sealing 

A welding process in which the thermoplastic material at 
the joint is melted by the extrusion of molten beads on top 
of two overlapping sheets. 


Pressure welding 

Any welding process in which the weld is made by 
sustained pressure while the surfaces to be united are in a 
softened condition. (This definition is based on BS.499: 
1952—No.2401.) 


Radiant heat sealing 
See Heated tool welding. 


Radiant heat welding 
See Heated tool welding. 


Seam welding (including continuous and intermittent heat- 
ing processes) 

A pressure welding process which forms a continuous 
welded seam in which the surfaces to be united are softened 
either by heat produced by a high-frequency field or by con- 
duction of heat from heated rollers or bars. The pressure 
may be applied continuously by rollers or progressively, as 
in stitch welding. (BS.2759:1956—No.427; BS.1755: 
1951—No.7608.) 


Spot welding 

A pressure welding process in which a relatively small 
area of the surfaces to be united is softened either by heat 
produced by a high-frequency field or by conduction of 
heat from heated electrodes. (BS.2759: 1956—No.428; 
BS.1755: 1951—No.7610.) 


Stitch welding 

A pressure welding process in which the surfaces to be 
united are softened either by heat produced by a high- 
frequency field or by conduction of heat from heated tools. 
The pressure is applied progressively along the joint by 
two mechanically operated metal fixtures. (BS.1755: 
1951—No.7607.) 

(Note: This definition does not include high-frequency 
welding with patterned. electrodes simulating stitch 
markings.) 


Ultrasonic welding 
A friction welding process in which the friction is inter- 
molecular and is set up by ultrasonic vibration. 


Welding torch 

A device used in hot gas welding to heat air or an inert- 
gas and to direct it in the form of a jet on to the area to be 
welded. The gas may be heated electrically or by passing it 
through a tube heated by a gas flame. (BS.1755: 1951— 
No.7604.) 





Note: The term ‘sealing’ is currently used and appears in 
the above terminology. In every case above it means 
“welding” and the Joint Committee recommends that con- 
sideration be given to the future elimination of this un- 
satisfactory term. 
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By S. W. Neville, B.SC.(ENG.) 


Welding by ultrasonic vibrations without the use of external heat is a com- 
paratively new technique. Preliminary investigations were carried out by 
B.W.R.A., first with a rig applying axial pressure between the centres of two 
rotating discs, secondly with a rig using a vibrating reed principle and thirdly 
with a modified ultrasonic cleaning set using piezo-electric barium titanate 
crystal blocks. The development of these rigs and the results of the tests carried 
out are described and although it is concluded that none of these methods could 
achieve the results obtainable by using the more conventional nickel magneto- 
strictive transducers, a considerable amount of knowledge has been consolidated 
and added to the general understanding of the subject. A chronological survey of 
the literature dealing with ultrasonic welding is included in the report. 


History and Development—General Outline 


the comparatively high surface resistance of 
aluminium and its alloys could be reduced sharply 
by applying bursts of ultrasonic energy through the 
electrodes of the welding machine.' The occurrence 
of welding in the absence of welding current in the 
secondary loop of the spot welder indicated the possi- 
bility of bonding by ultrasonic energy alone, and a 
programme of experiments was carried out with these 
possibilities in mind.'® 
Although this early work was mainly confined to 
soft aluminium foil,’® it was soon realized that the 
process could be used successfully to join such 
materials as copper, nickel, titanium, zirconium, and 
some of their alloys, such as brass or stainless steel.*?: !® 
Attempts to weld combinations of dissimilar metals 
also resulted in bonds of surprisingly good quality and 
strength. 
The subsequent development of transducers, coup- 
lings, and r.f. generators*>*! revealed that in certain 


I 1950 research workers in the U.S.A. found that 
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materials, ultrasonic welds possessed more desirable 
properties than those produced by resistance or ‘cold’ 
pressure methods, and in some cases achieved results 
hitherto unattained by the latter processes. 

Although ultrasonic welding is generally regarded 
as having originated in the U.S.A., considerable 
research is being carried out in many other countries 
including the U.K., Germany?® and Russia.”!>*> Much 
work has been done in Russia on the allied process of 
friction welding.** 


Equipment 


The equipment generally used for welding metals by 
ultrasonic vibrations comprises three important com- 
ponents, of which the first is the generator, a power 
oscillator fed from a normal 50 or 60 c/sec main and 
delivering a.c. at high frequency. The power from this 
unit is fed to the second component, which is a trans- 
ducer for the conversion of the high-frequency (3- 
85 kc/sec) electrical energy*' to mechanical vibration. 

The final major component is the coupling, which 
directs the vibratory energy from the transducer to the 
workpiece. 

As in most problems involving mechanical vibra- 
tions, frequency is a critical variable, as the amplitude 
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of the forced component will be very much greater 
over certain narrow frequency bands than over the 
general range. The critical, or resonant frequencies are 
dependent upon the mechanical constants, such as 
mass, physical size, elasticity of the system, and, to a 
lesser extent, the damping. The importance of main- 
taining the welding system at a resonant frequency was 
soon realized, and modern r.f. generators are auto- 
matically tuned to the resonant condition. 

Although there are many methods of generating 
high-frequency mechanical vibrations,”*® the magneto- 
strictive transducer appears to be specially suitable. 
This takes the form of a laminated nickel stack carry- 
ing two windings. The first winding carries d.c. for 
polarization, the a.c. power from the generator being 
fed to the second coil. The magnetostrictive properties 
of the nickel give rise to an alternating strain corres- 
ponding to the frequency of the input r.f. power.” 

The relationship between resonant frequency and 
physical size, coupled with the magnetostrictive 
properties of nickel, make for a compact and efficient 
transducer, and this is the probable reason for its 
general adoption. The magnetostrictive transducer has 
a further advantage in that it can easily be coupled to 
the workpiece. The coupling generally consists of a 
solid cone, either bonded to, or as part of, the trans- 
ducer core. The tip of this cone is arranged to bear 
upon the workpiece, either directly, or through a 
secondary component.** The material is supported by 
an anvil, which reflects some energy back into the 
workpiece. 

Ultrasonic welding equipment of the type described 
is now available on the American market. It is claimed 
that a standard 4 kW machine will produce consistent 
welds in 0-071 in. Alclad sheet with tensile-shear 
strengths of over half a ton. A 100 W machine made 
by a different firm is reputed*® to be able to produce 
seam welds in aluminium foil as thin as 0-0003 in. 
More powerful machines are in course of develop- 
ment,” with capacities of up to 8 kW. 


Advantages of Ultrasonic Welding 


The process has many inherent advantages: 


. No external heat is required 
2. There is no evidence of general heating in the micro- 
structures of the welds in soft materials** 
. Deformation may be less than 5% of the original double- 
sheet thickness 
. Power requirements from the main supply are low 
. Thorough cleaning is unnecessary" 
. Welds with good fatigue properties** may be obtained 
. Dissimilar metals can be joined successfully*? and metals 
normally difficult to join, such as beryllium or molyb- 
denum, can be dealt with'® 
8. Very thin foil, and combinations of sheets or foils of 
widely differing thicknesses may be welded satisfactorily.*® 
This property enables components of awkward shape, 
such as fins to tube,”* to be joined successfully 
9. The process may be controlled to give consistent and 
reproducible results 
10. If ultrasonic welding sets were manufactured in quantity 
they would possibly be much cheaper than resistance 
welding machines of equivalent welding capacity, as the 
large transformers and heavy construction of the latter 
would not be necessary 
. The ability to make continuous leak-tight seam welds in 
very thin foil makes ultrasonic welding an attractive 
proposition in the food packaging industry”® 
12. There appears to be no difficulty in making successive 
welds in close proximity to each other. 
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Metallurgical Aspects of Ultrasonic Welding and 
Mechanism of Bonding 


Opinions vary considerably as to the exact cause of 
the bonding process. 

Antenovich and Monroe™ suggest that the surfaces 
under pressure, when made to slide relative to each 
other, become heated by friction. This local heating, 
together with the intimate contact brought about by 
the removal of oxide films and surface asperities 
creates a condition ideal for bonding, and a weld is 
eventually formed owing to recrystallization or fusion 
at the interface. 

Byron Jones,* as early as 1955, compares ultrasonic 
welding with solid-phase cold-pressure welding and 
refers to work by Tylecote,‘’ who established a rela- 
tionship between the nature of the oxide films on 
metals, and the ease by which solid-phase bonding 
could be brought about by pressure alone. Byron 
Jones found that these relationships did not hold for 
ultrasonic welding, and he inferred that the surface 
condition of the material had only a slight bearing on 
the ultimate strength of the jcint. 

It would thus appear that ultrasonic energy breaks 
and disperses a contaminant such as the oxide film, 
allowing the clean metal surfaces to make intimate 
contact with each other. Anodized aluminium, or 
sheet metal thinly coated with paint, varnish, or the 
like, may apparently be dealt with successfully.® * 
Once this barrier of contaminant is broken down, 
intimate contact would occur at the interface and, 
with the action of the externally applied pressure, a 
weld should form. 

It has been established by Milner, L. R. Vaidyanath 
and others**:** that ‘cold pressure’ bonding is not 
possible unless the metal undergoes a noticeable 
degree of plastic deformation, as this internal dis- 
ruption has the effect of breaking up the oxide layers 
on the faying surfaces. Virgin surfaces are thus brought 
into intimate contact under pressure and bonding 
takes place between them. Ultrasonic welding possibly 
relies on a similar mechanism, but as the plastic move- 
ments are created by the vibratory. rubbing action 
instead of external force alone, the applied pressures 
and subsequent deformation required for welding are 
considerably less. 


Effect of hardness and ductility 


The analogy between cold-pressure welding and 
ultrasonic welding does not hold when the hardness 
and ductility of the metals being welded are examined. 
Little has been written on the cold-pressure welding of 
such materials as lead, tin, copper, or aluminium, all 
of which are comparatively soft and ductile. Harder 
materials have been pressure welded after preheating, 
the jcint being made while the material is soft and 
inelastic. Ultrasonic welds, on the other hand, can be 
formed successfully in hard or refractory materials 
such as molybdenum, zirconium, titanium, stainless 
steels, or nickel, either in similar or dissimilar combin- 
ations. It is claimed that substances such as sintered 
aluminium powder have been ultrasonically welded.'* 

On the other hand, difficulty has been experienced 
in attempts to weld the very soft metals (lead, tin etc) 
by ultrasonic energy. This is almost certainly due to 
the high damping coefficients of such materials, most 
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of the energy being absorbed and dissipated before it 
reaches the interfacial zone. Work on very thin 
aluminium foil® indicates that if the thickness of the 
soft workpiece is so small as not to allow any appreci- 
able losses due to damping, then a satisfactory ultra- 
sonic weld may be obtained. The power required to 
obtain a weld thus appears to have a marked depend- 
ence on the thickness and hardness of the material. It 
is not difficult to understand the effect of thickness, as 
internal damping gives rise to greater losses as the 
thickness is increased. 

A study of the effects of hardness of parent materials 
rather than their oxide films, would possibly throw 
some light on to the basic mechanism of ultrasonic 
welding. Consider two coupons of a soft material, such 
as fully annealed pure aluminium, cleaned and de- 
greased. To effect a bond, ultrasonic energy is applied 
to an external surface of one of the coupons. This 
energy is expended partly in damping, partly in inter- 
facial frictional heating, and partly in elastic and 
plastic deformation of the material. If the study were 
to be confined to thin coupons, the effects of damping 
loss would be minimized. This would leave three 
possible energy sinks—interfacial frictional heat, 
elastic deformation, which is recoverable apart from 
hysteresis, and plastic deformation. 

A soft material, if thin, requires very little energy® 
(a clad material can be considered as a thin section, 
as only the cladding is soft, whereas the core material 
is generally hard and of comparatively low damping 
coefficient). The extremely short time required to 
make a weld in such a metal indicates, in this case, that 
a comparatively small amount of energy is used in 
frictional heating. The remainder would effect a local 
plastic deformation which, in the soft material, 
would rapidly disperse the brittle oxide and allow the 
solid-phase type of bond to occur. 

If an attempt is made to weld a harder material, 
such as low carbon steel, it is found that, not only is a 
greater power required, but the time to produce a 
weld, and the normal pressure, must also be in- 
creased.!® 

Evidence of a temperature rise during the welding 
process has been studied by Byron Jones;?* these 
temperatures appear to attain higher values in the 
harder materials.“© The necessary heat is probably 
generated by direct friction of the unwelded faying 
surfaces. The temperature will rise until the material 
becomes soft enough to permit plastic flow. When this 
condition is reached the disruption at the interfacial 
zones will disperse the oxides and other contaminants, 
and a weld will subsequently form. 

The time required to bring the interfacial zone to a 
plastic condition will of course depend on the fric- 
tional heating effect and on the normal pressure. By 
increasing this pressure and maintaining the ultrasonic 
vibration for as long as is required to attain the 
temperature at which the material wiil readily flow, a 
metal normally hard at room temperature may be 
welded. Hence a longer time and higher pressure are 
generally required for a hard material. 

Present evidence suggests that although high 
temperatures are often encountered, these are in- 
variably below the melting-point of the material, and 
thus no fusion occurs. The resultant weld is therefore 
a solid-state bond, whatever the hardness of the 
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material. Recrystallization and grain-growth**® are 
given by most workers as the reason for the strength 
of the bond, and most materials, notably nickel, 
molybdenum, copper, and aluminium exhibit con- 
siderable penetration of the zone of plastic disturbance 
into the parent material.'*." 

Ultrasonic vibration has the effect of grain-refine- 
ment, and is indeed used in foundry work for this 
purpose. Large grain structures are rarely encountered 
in ultrasonic welds, probably for this reason. 

To sum up, it would appear that an ultrasonic weld 
is essentially a solid-phase bond. Materials which are 
brittle at room temperatures are heated by interfacial 
friction until they flow sufficiently to break the oxide 
layers. Soft materials flow under pressure at room 
temperature and do not require this frictional heat, 
although additional energy is required to overcome 
damping in thick sections. The high-frequency vibra- 
tion has the effect of inhibiting the formation of large 
grains, and of removing particles of oxide and other 
foreign matter from the welded zone. The time taken 
to make welds should be short, otherwise fatigue cracks 
may occur in the newly formed weld. External 
deformation is very small and the fatigue strength of 
ultrasonic spot welds is claimed to be superior to that 
of welds formed by the resistance method, possibly 
through the absence of surface shrinkage.** 

An interesting comparison of results may be ob- 
tained from references 45 and 46. In both cases a 
similar ferrous material was used, and the temperature 
rose steadily until welding was initiated, thus con- 
firming the suggestions put forward in this report. The 
observations noted in the two papers differ after this 
point had been reached. Byron Jones, writing on ultra- 
sonic welding, noted a rapid drop in temperature 
with time, while the Russian, V. I. Vill’, concerned 
with friction welding, recorded a considerable rise. In 
both processes, however, it appears that a steady 
temperature is ultimately reached. 


Work Undertaken by B.W.R.A. on Vibration Welding 


Owing to the scarcity and high price of ultrasonic 
welding equipment at the time this programme of 
research was envisaged, it was decided that the use of 
a low-frequency rig would probably illuminate the 
basic mechanism of bonding and would, at the same 
time, be relatively cheap and simple to construct. 
Moreover, since mechanical power sources are in 
general cheaper than hf. electrical sources, for a given 
power, the prospects of extrapolation to welds on 
thicker sections were thought to be better when using 
mechanical power. The possibility of obtaining sound 
welds at the low frequency was also considered to be 
attractive, and with these considerations, a programme 
of research on low-frequency vibration welding was 
undertaken. 

Initially a rig applying axial pressure upon a small 
annular area between the centres of two rotating 
Alclad discs was used. These discs were subjected to an 
alternating bending stress produced by distortion 
caused by a stationary off-centre axial force, applied 
through a rolling contact. The alternating shear forces 
at the small central annular interfacial area thus 
created a relative vibratory movement between the 
two sheets which, together with the axial pressure, 
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that any weld formed in these materials would be due 
more to pressure alone than vibratory movement at 
the interfacial zone. 

These shortcomings prompted the development of a 
completely new design of low-frequency welding rig, 
but first a general survey was undertaken of sources 
of mechanical vibrations, and their applicability to 
welding technique.'® 

The first redesigned rig, operating on the vibrating 
reed principle, as shown in Fig. 1, was not successful. 
This failure occurred mainly because the longitudinal 
elasticity of the reed reduced the effective amplitude 
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gave rise to a weld. The operating frequency was 
47-5 c/sec. This work, started in 1957 by G. A. Phipps, 
has been reported in B.W.R.A. report No. ALR/I111. 

The rig, although proving that low-frequency 
welding was possible, possessed inherent disadvantages 
which prevented its use for further research. The 
shape of the test pieces necessitated considerable 
preparation and expenditure of material, and high- 
ductility materials, such as annealed aluminium or 
copper, were unsuited, as they would have become 
permanently dished by the rolling contact after the 
first revolution of the machine. It is also probably true 


at the tip, as the load P was increased. The anvil 
post A had to be of sufficient dimensions to resist 
distortion under the compressive load P, and the 
resultant damping decreased the amplitude even 
further. The machine operated at 50 c/sec. 

It was decided at this point to use a mechanical 
principle for the second rig, and this is shown in Fig. 2. 
The results obtained from this machine were more 
promising, although welds of any sort were impossible 
in material more than 0-010 in. thick. 

Welds did occur, though not consistently, between 
sheets of 0-010 in. commercially pure aluminium, but 





3— Welds in two thicknesses of 0-010 in. 99-5°%, pure aluminium. Made on second design of low-frequency rig. 47-5 


c/sec, 50 lb load, 5 sec welding time 
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deformation of the sheet was high (50-70%) and weld 
strength was low. The optimum conditions for these 
results were amplitude +0-005 in., pressure approx. 
5,000 Ib/sq.in., time 15-20 sec, and a frequency of 
47-5 c/sec. 

Welds made on this rig invariably pulled a slug from 
the parent sheet, and study of photomacrographs 
(Fig. 3) show the interfacial oxide layer as having 
been caused to run to the surface of one of the sheets. 
This would cause a slug to be pulled and would 
explain the very low strength obtained. 

The rig eventually failed mechanically, and a further 
machine was constructed. The principle of operation 
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was basically the same as before, but all working 
parts were considerably redesigned. Figure 4 gives a 
general idea of how variable amplitudes, frequencies 
and loads were obtained. The welding arrays are 
shown in Figs 5 and 6. 

Marked difficulties were subsequently experienced 
in maintaining consistent conditions with this machine. 
Owing to deformation the loading on the specimen 
changed while the machine was running. This change 
was difficult to monitor by conventional methods as 
the times were very short, and the whole rig was in a 
state of general vibration. 

When frequencies were derived through the system 
of belts and pulleys it was found that high loads could 
not be used, owing to slipping of the belts. The full 
ranges of load and frequency were thus restricted, 
preventing observation of the behaviour of thick 
specimens of harder materials. Detection of frequency 
variation during running was readily audible. 

Amplitudes remained reasonably steady, as the 
rigid construction of the rig prevented their variation 
to any noticeable extent. Doubt, however, existed as to 
the amount of ‘lost motion’ due to relative movements 
of the outer surfaces of sheet specimens with respect 
to the anvil or sonotrode of the machine. A stud-type 
welding array helped to overcome this problem 
(Fig. 6). 


Results 


In spite of these limitations, several important 
observations were made at a frequency of 50 c/sec. 
Clad alloys of aluminium in sheet form could be 
welded easily, with deformation of less than 15%. 
Soft materials, such as fully annealed copper or 
aluminium, could not be joined without excessive 
deformation. Thin sheets (0-010 in.) of soft aluminium, 
99-5°%% pure, could be joined to 16 s.w.g. Alclad, and 
micrographs showed the turbulent disruption of the 
interface normally associated with ultrasonic (high- 
frequency) welding. 

When the stud-type welding array was used, it was 
found that low-carbon-steel headed studs could be 
joined to 0-010 in. sheet of the same material. The 
parent material was considerably deformed, and the 
joints were weak and brittle. Higher frequencies 
(approx. 200 c/sec) were required with times of not less 
than 15 sec. Photomacrographs (Fig. 7) show that the 
sheet material deformed in the plastic state, with some 
cracking and oxide inclusion. The discoloration would 
indicate an effect of elevated temperatures in the sheet 
material, although there is no evidence of fusion. 

One could deduce from these results that the bond- 
ing of metals resulting from low-frequency vibratory 
rubbing arises from the effects of plastic deformation, 
while under pressure. This will occur in the ‘cold’ 
state for soft materials, and at elevated temperatures, 
brought about by frictional heating, for harder metals. 

The nature of the plastic flow in the welded zone, 
which can penetrate to an appreciable extent gives rise 
to the turbulent appearance of the section. This effect, 
which has been observed at frequencies much higher 
than 200 c/sec, appears to be a phenomenon peculiar 
to vibration welding. A study of welds in low-carbon 
steel made in short times revealed little evidence of 
cracking, but cracking becomes more severe if longer 
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a 
7—Welds between } in. dia. mild steel stud and 0-010 in. mild 
steel sheet. Made on final low-frequency rig at 200 c/sec: 
(a) Weld made in 10 sec; (b) Weld made in 20 sec 


times are used (Fig. 75). These cracks are possibly due 
to fatigue, or segregation of oxide and other contam- 
inants brought about by plastic movements. 


Comparisons with Ultrasonic Welding 


General observations of ultrasonic welding by other 
investigators indicate that weld strengths increase with 
time up to a certain time. Longer weld times do not 
result in further increases in strength,* and sometimes 
a slight decrease is evident. 

The optimum time required to make an ultrasonic 
weld appears to be much less than that required for a 
low-frequency weld. Collins et a/® give an optimum 
time of 0-8 sec to weld 0-020 in. Alclad alloy at 
15,600 c/sec, whereas the 50 c/sec rig required several 
seconds. A much larger amplitude is required when 
using a low frequency, and it appears that this, coupled 
with the longer time, is an objectionable feature from 
the cracking aspect. 

The use of an ultrasonic frequency means that a 
required amount of frictional heat can be generated in 
a shorter time than with a low frequency, although this 
effect is somewhat compensated by different working 
amplitudes. The criterion of sound bonding is, surely, 
to promote this shorter time and smaller amplitude, 
and thus to avoid the undesirable occurrence of surface 
deformation and fatigue cracking. 

The main machine variable affecting frictional heat 
generation is the normal pressure. This factor also 
governs the process of internal plastic deformation 
and theoretically need be sufficient only to heat the 
interfacial zone to the state where it will deform to the 
required extent. 

When a low frequency is used, a high force is 
required to ensure a rate of heat generation in excess 





JOURNAL, APRIL 1961 


of that lost to the sonotrode, anvil, and surrounding 
air or gas. This excess force has the undesirable effect 
of deforming the workpiece before the interfacial zone 
reaches its ideal state of plasticity. 

Ultrasonic welding requires a much smaller normal 
applied force, as the high frequency causes more rapid 
heating, and the result is little or no external defor- 
mation. 

It was decided to suspend work on low-frequency 
welding in favour of an investigation into the effects of 
higher frequencies made possible by the availability of 
new equipment. 


Work on Ultrasonic Welding—General Approach 
Choice of equipment 

The references contained in this report show that all 
modern ultrasonic welding equipment makes use of 
the nickel magnetostrictive transducer. It was there- 
fore considered that if B.W.R.A. research utilized 
similar equipment, then duplication of welding 
machine development work by others would occur, 
unless, of course, an up-to-date welding machine 
could be purchased. The financial resources available 
were insufficient to allow the purchase of the only 
commercial equipment available from America. 

An ultrasonic cleaning set, marketed in this country, 
makes use of barium titanate transducers, and it was 
thought that if a method could be devised of coupling 
these transducers to a welding array, then welding 
equipment could be made commercially available by 
modification of devices at present in use for cleaning 
purposes. The programme of research into ultrasonic 
welding was therefore devoted to the development of 
an ultrasonic welding machine making use of available 
power sources and transducers. 


Description of proprietary equipment 
Generator 

The power source used was a 500 watt ‘Soniclean’ 
type 1150 generator manufactured and loaned by 
Dawe Instruments Ltd. The unit contains a self- 
rectifying power oscillator of the Hartley type. Taps on 





8—500W generator and brass coupling horn 
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the inductor permit coarse and fine setting of the 
oscillator frequency. A voltmeter, incorporated in the 
instrument, gives an indication of the energy output. 
The maximum electrical output at 40 kc/sec is about 
125 W mean and 500 W peak. This ultrasonic energy 
is pulsed at 50 c/sec. 


Transducers 

Barium titanate crystals are set into a closed 
cuboidal stainless steel housing so as to use one face 
of the housing as a radiating surface. These piezo- 
electric crystal blocks, normally used for cleaning, 
were also lent to B.W.R.A. by Dawe Instruments Ltd. 

Photographs of both generator and transducer 
blocks are shown in Figs. 8 and 9. 


Coupling 

Ultrasonic cleaning devices invariably employ direct 
coupling into the cleaning liquid, and the large 
surface area of the pack of transducer blocks makes 
them ideal for this purpose. Welding, however, 
requires ultrasonic energy over a very small area, and 
the problem thus arises of focusing the energy from 
the large transducer surface to the welding sonotrode, 
which necessarily constitutes a small point. 

The first step was to manufacture an exponential 
velocity transformer, as shown in Fig. 10. This 


‘coupling horn’, turned from mild steel bar and 
polished on its curved surfaces, was 14 wavelengths 
long, with a diameter varying between 6 in. and } in. 








10—Steel horn (without transducer blocks) 
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The object of the exponential shape was to reduce the 
effect of internal damping as far as possible by uni- 
formly magnifying the amplitude of the vibration as 
the section of the horn became smaller, the amplitude 
being inversely proportional to the radius, assuming 
no damping. 

Six transducer blocks were bonded to the larger end 
surface of the horn, this work being undertaken by 
Dawe Instruments Ltd. The tip of the horn was then 
progressively trimmed so as to tune the transducer- 
coupling assembly to the frequency given by the mid- 
tapping of the generator. 


Experiments with steel coupling horn 

Initial observations on the steel coupling horn in- 
dicated the energy available at the tip to be very low, 
and below the requirements for welding. This con- 
clusion was reached by the following simple tests: 


1. Calorimetry of tip 

An aluminium calorimeter was externally lagged 
and mounted so that the tip of the coupling horn 
dipped into about 10 cu.cm of water contained therein. 
The horn was made to vibrate. 

A temperature rise of about ?°C. was noted after 
5 min. This indicated that a very small amount of 
energy was reaching the tip, bearing in mind that heat 
conducted down from the more massive regions of the 
horn may have contributed to the measured rise in 
temperature. 


2. Microscopy of tip 

The vibrating tip was arranged so that microscopic 
examination was possible. It was found that very high 
magnifications were difficult to keep in focus owing to 
movement of the horn arising from thermal expansion 
and insufficient rigidity of mounting, but it was 
decided not to improve this as the results at x 250 
showed no oscillatory movement. 

At the maximum magnification of x 250 the rough 
edge of the tip appeared unchanged when the trans- 
ducers were switched on and there was no evidence of 
vibratory movement. This indicated that the total was 
less than 100 microns, and probably even less than 
50 microns, when running free. This amplitude would 
be reduced even further when a welding load was 
applied. 


3. Thermocouple measurements 

Although the foregoing tests indicated the coupling 
to be inefficient, a reason became apparent in the 
course of the investigation. It was noted that the steel 
became warm after transmitting for a few minutes, 
whereas the transducers themselves remained relatively 
cool. This effect could only have been caused by 
internal damping, and it was therefore decided to 
conduct a quantitative survey of heat generation in the 
horn, and hence try to assess the amount of energy 
available at the tip. 

Thermocouples were placed in shallow depressions 
in an axial line on the curved surface of the horn at 
estimated } wavelength intervals; in effect 1-5 in. 
spacings. Readings were taken by means of a potentio- 
meter — galvanometer apparatus in circuit with a 
changeover switch, to enable the outputs of different 
thermocouples to be observed in succession without 
difficulty, and the equivalent temperatures were 
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11—Temperature versus time. Steel horn 


plotted to give a graph of temperature against time 
for each position (Fig. 11). 

The results used to plot Fig. 12 were taken from 
readings observed in the 6-12 min interval. 


Deductions 


Losses due to internal frictional damping 

To preserve the pattern of the investigation in 
general, the horn is considered to be divided into 
volumetric zones bounded by the nodal and antinodal 
positions. The temperature gradients are treated as 
linear between positions | and 2, 2.and 3, and 3 and 7. 

Consider a small element dV of material of specific 
heat S and density p. Let the rise in temperature 
above ambient of this elemental disc be T°C. 

Heat supplied to disc=dQ=pdV x Sx T, but as the 
variation of T is assumed to be linear, this can be 
represented as f(x) i.e., cx+d. where c and d are 
constants relating to any particular zone. 


“.dQ = pdvV.S {cx+d} 
“.dQ = Spry*dx {cex+-d} 
The exponential curve to which the horn was designed 
is given by 
y = ae-bx 
: pna*s 


—2bx c Xe 
O=- |S feo" (ext 544) ft] ........ (1) 
where a=3-125, b=0-367 





From these relations it may be proved that for 
steel (< 1%C): 
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12—Longitudinal temperature distribution. Steel horn 


Ie 


p=128-8 g/cu.in. (assumed constant over temperature 
range encountered) 


S=0-11 gcal-*C.* 
a=3-125, b=0-367 


d=T,, c= T.-Nh 
X2—X, 
whence 
-2bx ((T,. — ) 
o=1-65[e *{ Ce TH x + 1-362)+7; } |*cal we... | 
| X——X, )jXe 


Equation (2) can thus be used to calculate the heat 
supplied in the period from 6 min to 12 min after 
switching on. The results obtained were: 


Zone A—3,822 calories 
Zone B— 1,328 ,, 
Zone C— 570 


Total 5,720 calories for 6 min period 


Heat input from generator 

The manufacturers of the equipment stated that the 
500 W unit delivered 125 W average power when 
indicating full scale deflection. A 20° reduction in 
meter reading, which is the mean attenuation en- 
countered, would indicate an average power of 
approx. 80 W. 

Now 80 W=80/4-2 cal/sec, giving a heat input of 
80/4-2 x 360=6,850 cal over a period of 6 min.- The 
resulting heat balance is therefore: 

Zone A—55:9% 

Zone B—19-5% 

Zone C— 8-33% 
Radiation etc.—16-27% 

The heat unaccounted for in the balance has been 
attributed to radiation and convection. 
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Radiation is a function of temperature, surface 
area. and nature of the surface, and as the transducers 
themselves present the best conditions in all these 
respects, it is likely that most of the energy lost as 
radiated heat is never transferred to the coupling. It 
would also be fair to suppose that the small proportion 
that is transferred is dissipated by convection from the 
walls of the coupling in the area adjacent to the trans- 
ducers, but the amount of energy lost in this manner 
in the region of the tip is negligible. 


Conclusions 

The results of this investigation indicate that the 
steel coupling horn is not suitable for ultrasonic 
welding purposes, as the losses created by internal 
damping are excessive. Even though all readings were 
taken when the coupling was running free, and most 
probably at a frequency slightly different from that 
occurring under load it will be noticed that the heat 
losses at the tip are very small. When the tip is not 
loaded, all the available mechanical energy in that 
region is reflected back into the material, and sub- 
sequently damped out into frictional heat. Figure 13 
indicates that the amount of heat contained in the 
whole of zone C after running for a 6 min period only 
represented 8-33% of the energy supplied to the 
transducers. The available energy at the tip itself 
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13—Loss diagram showing distribution of input energy for steel 
coupling horn running free 
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would almost certainly be no more than a quarter of 
this amount—perhaps 2 W maximum, and this can be 
considered as insufficient to weld anything but very 
thin foil. 


Brass coupling horn 

The fore-mentioned shortcomings of steel as a 
coupling material led to the design of a modified unit. 
This was machined from 70/30 brass (Figs. 9 and 14), 
and was different from the former design in that the 
radiating surfaces of the transducers were directed 
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15—Heat balance diagram for brass coupling horn. 20 min period 


towards the tip and the overall length was one wave- 
length, instead of 1-5 wavelengths, as in the former 
case. 

Subsequent experiments on the modified unit 
showed a slight improvement in performance, and 
although it was occasionally possible to weld 0-003 in. 
aluminium foil, the net output at the tip of the horn 
was generally insufficient for welding purposes. 

Thermocouples were attached to assumed nodal and 
anti-nodal positions and their readings over a 20 min 
period gave information for a heat balance to be drawn 
up (Fig. 15) by use of the curves in Figs. 16 and 17. 


Deductions 

The results of the temperature measurements in- 
dicated that a smaller percentage of input energy was 
reaching the tip than for the steel horn. The fact that 
steel has a higher damping coefficient than brass 
would tend to disprove the idea that the increased loss 
was due to internal damping. A better explanation, 
based on the fact that tuning for maximum input 
power was very difficult, would be that the natural 
frequency of the horn was not matched to that of the 
transducers. The angular orientation of the trans- 
ducers may possibly have had a further adverse effect. 


Calculations over 20 min period 
Qx-n= 2929 fea (0-92) 25-4] 
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16—Temperature versus time. Brass horn 


Net heat input zone A=6,364 cal. 
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Net heat input to zone B=1,077-6 cal. 


Overall heat input from transducers 
Mean meter reading = 60 
.. Mean generator output 
transducers over 20 min 
50 « 20 « 60 
4-12 
This results in a heat balance: 
To zone A= 43-7 °% of input; 
7-4% of input 
48-9° of input. 


approx. SOW, and power to 


14,563 cal. 


to zone B 
.. Heat unaccounted for 


General Conclusions 


The work done on steel and brass coupling horns 
indicates that both designs had transmission efficiencies 
of the order of 8%. Although little has been written 
on the efficiency of magnetostrictive welding arrays, a 
study of weld sizes and input powers of such devices 
would suggest that these also work at a low coupling 
efficiency. They have the advantage, however, of 
being able to accept high values of input power that 
would invariably ruin a barium titanate transducer 
array. 


The transducer elements used in the B.W.R.A. 


experiments were all working at their maximum input 
condition, and thus the problem would not have been 
solved by using a larger generator. This would have 
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17—Longitudinal temperature distribution. Brass horn 


necessitated the use of more elements, and conse- 
quently a larger horn. The large mass of metal would 
probably give rise to increased damping losses and 
thus lower the efficiency even more. It is clear then that 
piezo-electric transducers, such as barium titanate 
crystals, are not at present suitable for welding 
purposes. 

The experiments with the low-frequency rigs did not 
give results of practical significance, although they 
threw considerable light on the mechanism of the 
process of vibration welding. Macrosections of welds 
made at the low frequencies revealed similar character- 
istics to those of ultrasonic welds, although the times 
and pressures required to make them were appreciably 
greater. 

The need for increased weld time and pressure 
demanded greater frictional heat generation in low- 
frequency work to overcome losses to external sinks. 
This leads to excessive deformation (Fig. 3). 

The use of higher frequencies overcomes the 
trouble, as the rate of interfacial heat generation is 
rapid, and the energy is thus confined to the zone 
where it is required, there being insufficient time for its 
dissipation. 

The general conclusion of the research into vibra- 
tion welding is that, although little practical advance 
has been made, a considerable amount of knowledge 
has been consolidated and analysed which, it is hoped, 
will add to the general understanding of the subject. 
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BOOK REVIEW 


C. G. BAINBRIDGE: “Practical Welding Repairs”, London, 

1960, Temple Press, 128 pp. (15s.) 

The author has broadened his field in dealing with 
welding repairs, since he jointly wrote a book with Frank 
Clark entitled ““Oxy-Acetylene Welding (Repairs) Manual”, 
by use of both gas and arc processes. In less than another 
5 years time it will be more topical to extend, to a greater 
degree than now, the use of inert gas processes, for this 
already requires more than a casual reference, bearing in 
mind the advantages of the greater root penetration and 
the fact that many businesses, including small firms, now 
have the equipment. That is by no means a criticism of the 
general terms with which Mr. Bainbridge has produced 
remedies, and equally important are the hints he offers on 
the assessment of the metals and other details before 
preparation of the joint is ultimately decided. In other 
words, a hurried repair will soon land everyone on the 
debit side of the welding pool. The measured steps taken 
by the author will lead the reader through properties of 
metals, along the paths whether they be wrought or cast, 
until hard facing parts are reached, and on to miscellan- 
eous repairs, finally reaching welding fields by the care of 
welding equipment; and the safety of his health is not 
neglected. Whatever else Mr. Bainbridge achieves in his 
book, he cannot fail to hold the practical welder who sets 
out to make a study of maintenace repairs, for he impresses 
on his subject the importance of this work; a warning, 
therefore, to those who could be guilty of too much self- 
assurance before they have even tackled their first repair. 

This book should be of interest to works engineers as 
well as design personnel; it should be adopted for educa- 
tional purposes in the technical advancement of welding, 
as related to repairs. Given faith in maintenace welding, it 
is an investment whether it be for use in a factory engaged 
in the production of toothpaste, or a large engineering 
works with a preponderance of bad teeth. 

COLIN SPENCER 
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News of the Institute and Branches 


B.W.R.A. 


and Industry 


MEETINGS 
SPRING MEETING 1961 


Recent Developments in Welding and 
Allied Processes 


The Annual Spring Meeting of the 
Institute will be held at 54 Princes Gate, 
London, S.W.7, from 25th to 28th, 
April 1961. 

The proceedings will include the 
delivery of the Fourth Annual Lecture 


by Dr. N. P. Inglis, a visit to the welded . 


Maidenhead Bridge, discussion of tech- 
nical papers, and the Joint Dinner with 
the London Branches. 

The meeting has again been arranged 
to coincide with the Engineering, 
Marine, Welding and Nuclear Energy 
Exhibition. The official visit of members 
of the Institute, and the luncheon to 
members of Council will take place on 
the last day of the meeting. 

The programme of the meeting is as 
follows: 


Tuesday, 25th April 


6.30 for 7.0 p.m.—Fourth Annual 
Lecture “Welding in the Non-Ferrous 
Metals Field” by Dr. N. P. Inglis 


8.0-9.0 p.m.—Reception 


Wednesday, 26th April 

9.30 a.m.—12.30 p.m.—First Technical 
Session for the discussion of the 
papers: 
“Mild Steel Electrodes for Contact 
Welding” by J. W. Addie 
“Mild Steel Welding with Argon/CO, 
Mixtures” by J. A. Lucey, N. Crevis, 
F. W. Lunau, and B. H. Baker 
“Automatic Tungsten-Arc Welding of 
Heat Exchangers” by N. T. Burgess 
““Inert-Gas Shielded Metal-Arc Weld- 
ing of Thick Copper without Preheat” 
by K. J. Clews 


Other Societies 


INSTITUTE ACTIVITIES 


2.0-7.0 p.m.—Visit to the welded 
Maidenhead Bridge 


Thursday, 27th April 


9.30 a.m.—12.30 p.m.—Second Tech- 
nical Session for the discussion of the 
papers: 

“Developments in Stud Welding “by 
D. J. N. Laurie 


“Foil Seam Welding” by F. Busse 


““Some Recent Developments in Braz- 
ing” by G. R. Bell 


7.0 for 7.30 p.m.—London Branches 
Joint Dinner at Quaglino’s Restaurant 


Friday, 28th April 
9.30 a.m.—12.30 p.m.—Third Technical 
Session for the discussion of the 
papers: 


**Auto-Pneumatic Metal Spraying 
Machines” by W. E. Stanton 


“‘A Note on Flame Spraying Develop- 
ments” by LI. Manuel 


“An Adhesion Test for Aluminium 
Spray Coatings and other Metallized 
Surfaces” by R. S. Smith and N. 
Stephenson 


All day—Official visit to Engineering, 
Marine, Welding and Nuclear Energy 
Exhibition at Olympia. 


Enrolment forms have been distri- 
buted to members. The last day for en- 
rolment and application for tickets 
(reception, visit, dinner) is 17th April. 


The papers for discussion are pub- 
lished in this (April) issue of B.W.J. with 
the exception of that by K. J. Clews. 
Preprints of this paper are being dis- 
tributed. 





































































































Aluminium 


Members of the Institute who would 
be interested to join the party which is 
going to Utrecht for the Joint Meeting 
with the Netherlands Welding Institute 
from 3lst May to 2nd June, 1961, are 
urged to apply at once to the Institute 
for copies of the programme and en- 
rolment form. The closing date for en- 
rolment is 15th April. 


Sir William Larke Medal 


On the recommendation of the 
examiners the Council has awarded the 
Sir William J. Larke Medal for 1960 to 
L. R. Vaidyanath and D. R. Milner, 


M.Sc., for their paper “Significance of 


Surface Preparation in Cold Pressure 
Welding”. 

The following paper received special 
commendation: “‘Quelque remarques a 
propos de la qualité d’image radiograph- 
ique” by G. d’Herbemont, Ing., E.S.S.A. 

The medal paper was published in the 
January 1960 issue of the British Welding 
Journal. The commended paper, presen- 
ted at the Institute’s Autumn Meeting 
1959, was summarized in the October 
1959, issue. 


ELECTION OF MEMBERS 


The following elections were made at 
the Council meeting of 15th December, 
1960. 

Members 


tE. J. French (Cambridge); G. M. 
Harvey (London); B. Langshaw (Lei- 
cester); J. D. D. Morgan (Warrington); 
A. R. E. Singer (Swansea); *J. Strevens 
(Kent); T. R. Tighe (Redcar); *R. B. 
Whalley (Surrey). 


Associate Members 


R. L. Apps (Middlesex); S. Bandopad- 
hyay (India); G. Buckton (Harrogate) 
C. A. Burden (Newcastle on Tyne); 
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S. R. Buttriss (Sale); J. E. M. Carlson 
(Newport); G. B. Clarke (Surrey); G. 
Cleworth (Bolton); D. F. Derbyshire 
(Manchester); A. F. J. Dix (Birstall); 
A. H. Garvey (Middlesex); A. B. 
Gibson (Swansea); tA. F. Gifford 
(Derby); J. F. A. Godley (Sheffield); 
L. G. M. A. Van Groos (Altrincham); 
D. A. Hollingsbee (Surrey); tJ. E. 
Hooper (Bristol); B. Horsfield (Che- 
shire); ||\J. R. Lewis (Middlesex); M. P. 
Malik (London); D. J. F. Moore 
(Essex); P. J. Palmer (Moseley, Birm.); 
R. S. Park (Surrey); A. H. Porter 
(Dublin); H. V. Roman (Macclesfield); 
N. Smith (Derby); P. Challis (Somerset), 
A. R. White (Dorset); G. Wyatt 
(Coventry). 


Companions 


L. W. Beer (Surrey); J. Braddock 
(Lancaster); W. Dowbiggin (Cumber- 
land); A. Demacker (Glasgow); L. Ellis 
Birmingham); T. G. Gibson (Glasgow); 
C. S. Low (Singapore); B. W. Ricks 
Leicester); B. Stevens (Bucks); J. G. B. 
Stiles (Surrey). 


Graduates 


I. N. Banerjee (Lancs,); D. W. Bell 
Wolverhampton); K. P. Bentley (Cam- 
bridge); R. C. Booth (St. Helens); 
M. C. B. Davies (Rutland); L. D. 
Ingham (Derbys.); R. Kapur (India); 
J. K. Pickett (Cardiff); P. E. Preston 
(London); M. J. Watts (Sussex). 


Associates 


C. W. Baker (Surrey); A. E. Biddulph 
(Birmingham); D. R. Birt (Birmingham) 
D. L. Butcher (Bath); G. W. Carnell 
(Solihull); P. H. Cassidy (Newcastle on 
Tyne); K. M. Chipperfield (Ports- 
mouth); M. C. Dando (Rhondda); 
J. C. Eariss (Middlesex); R. B. Ebrey 
(Surrey); K. Eggington (Rotherham); 
J. L. Ensor (Castle Bromwich); D. E. 
Grainger (Kent); A. Harrison (Chester- 
le-Street); T. R. Horton (Swansea); 
H. P. Jaiswal (India); G. L. James 
(Wallasey); J. Joyce (Dorset); W. Kaye 
(Lancs.); W. Kenyon (Derby); H. 
Leeming (Stretford); J. B. Little (Leic- 
ester); S. McCabe (Sussex); F. W. D. 
Mailer (Glam.); D. S. Marjara (India); 
J. T. Merrick (Walsall); P. Mountain 
(Wakefield); A. Newton (Rotherham); 
W. Northorpe (Sunderland); D. S. 
Payne (Derby); D. R. Pearson (Wolver- 
hampton); A. Powell (West Bromwich); 
G. Price (Sheffield); K. R. P. Sarathy 
(India); M. Sarkar (India); E. B. Smith 
Slough); R. Smith (Durham); D. H. 
Sutton (Essex); J. E. Thomas (Basing- 
stoke); A. E. Treeton (London); H. R. 
Vokes (W. Bromwich); T. P. Wallace 
Caerphilly); G. D. Watkins (Cardiff); 
. W. Watson (London); P. T. White 
Middlesex); J. Williams (Swansea): 
>, C. Wilson (St. Neots). 


NEWS AND ANNOUNCEMENTS 


Industrial Corporate Members 


Haddon Transformers Ltd. (Middlesex); 
Hardy Spicer Ltd. (Birmingham). 


Elected 15th September, 1960. 
Associate Member 


R. L. Moir (Surrey). 





* Transfer from Associate Member. 
+ Transfer from Companion. 

t Transfer from Graduate. 

i Transfer from Associate. 


PUBLICATIONS 
Radiographic Handbook 


The Institute will shortly publish on 
behalf of the International Institute of 
Welding the English edition of the 
**Handbook on Radiographic Apparatus 
and Techniques”. This book represents 
the views of the leading experts on this 
subject and deals briefly and simply with 
the apparatus and techniques for the 
radiographic inspection of welds, and 
with the precautions necessary to ensure 
the safety of operators. Copies may be 
had from the Institute of Welding, price 
16s. inclusive of postage. 


Welded Connections for Pressure 
Vessels 


The stock of this I[TW document, 
**Recommended Connexions for Pressure 
Vessels’, is now nearly exhausted but 
there are a few copies left at 4s. 6d. each 
post free, obtainable from the Institute 
of Welding. 

The report deals with carbon steel 
pressure vessels welded manually by the 
metal-arc process, and consists of an 
introduction with about 80 drawings, 
arranged in six sections, which deal res- 
pectively with screwed connections and 
screwed and _ studded connections, 
branches, flanges, jacketed vessels, tube 
to tube-plate connections and tube-plate 
to shell connections. 


Brittle Fracture Tests 


The Institute has recently published 
“The Comparison of Brittle Fracture 
Tests”, being a report of Commission IX 
of the International Institute of Welding. 
This valuable report of a sub-commis- 
sion of which Mr. W. Barr, O.B.E., of 
the United Kingdom, was the chairman, 
sets out the results of extended investi- 
gations of the results obtained on steels 
of varied composition subjected to six 
well known tests of notch ductility. The 
publication can be obtained from the 
Institute of Welding, price 5s. including 
postage. 


NEWS OF MEMBERS 


Metallizing Equipment Co. Ltd., of 
Chobham, Woking, have changed their 
name to METCO Ltd. 

Mr. P. H. R. Lane, B.Sc.(Eng.), 
A.I.M., has been appointed the first 
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Director of Research of the Drop Forg- 
ing Association. He took up the ap- 
pointment on Ist March. Mr. Lane has 
been with the B.W.R.A. for the past 
twelve years and was Head of the 
Members’ Service Department before 
his resignation. 

Mr. E. J. Keefe, B.Sc.(Eng.), has 
been appointed Welding Engineer to 
Cochran & Co., Annan, Ltd. 

J. Morton, G.I.Mech.E., A.M.Inst.W., 
has taken up a new appointment as 
Assistant Works Manager with Messrs. 
Whessoe Ltd. of Darlington. 

A. S. Bartlett, M.Inst.W., has been 
appointed Managing Director of Mil- 
ford Docks and Dry Dock Companies. 


CONTRIBUTORS TO THE 
JOURNAL 


J.W. Addié, B.Sc.(Eng.), A.M.Inst.W., 
is with Associated Electrical Industries 
Limited, Transformer Division. 

He was educated at Lenzie Academy 
and at Glasgow University, graduating 
with honours in 1942. Following a 
college apprenticeship with Metro- 
politan-Vickers Electrical Co. Ltd. he 
joined the Welding Engineering Depart- 
ment of that Company and was engaged 





in the development of the inert-gas 
tungsten-arc process and on the appli- 
cation of resistance welding processes. 

Since 1945, he has been concerned 
mainly with new projects in the design 
and manufacture of welding electrodes 
with his present Company in its Heating 
and Welding Department. 

Dr.Ing. F. Busse is President of Peco 
Elektrische | Schweissmaschinenfabrik 
Rudolf Bocks, Miinchen, Germany. He 
studied General Machinery Sciences at 
the Technische Hochschule at Braun- 
schweig, where he graduated in 1924 as 
Diplom-Ingenieur and in 1927 as 
Doktor-Ingenieur. He was then engaged 
as mechanical engineer with several 
companies, and later was appointed 
staff member and director. From 1931 to 
1934 he was active in the U.S.A. In all 
the positions he has held he has been 
particularly interested and concerned 
with welding problems, machines, and 
processes. 
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F. Busse 


Since 1946 Dr. Busse has been Presi- 
dent of Peco Elektrische Schweiss- 
maschinenfabrik Rudolf Bocks, one of 
the oldest manufacturing companies for 
resistance welding machines in Europe. 
He is a member of Verein Deutscher 
Ingenieure and Deutscher Verband fiir 
Schweisstechnik. 

D. J. N. Laurie joined the Gas Light 
and Coke Co. in 1934 at the age of 14, 
and remained there until 1940. During 
this period he studied at East Ham 
Technical College. 

He joined the R.A.F. in 1940 and was 
concerned with the maintenance and 
servicing of air frames, spending just 
under three years in the U.K., and a 
similar period in India. 

After the war, Mr. Laurie joined Cyc- 
Arc Ltd. where he was engaged in the 


production and testing of stud welding . 


equipment. Between 1946 and 1952 he 
progressed to the position of Assistant 
Developments Engineer, and dealt with 
development and research on stud weld- 
ing equipment. In 1952 he took up an 
appointment as Developments Engin- 
eer with Cooke and Ferguson, who were 
producing Nelson stud welding equip- 
ment. After about a year he was trans- 
ferred to Crompton Parkinson (Stud 
Welding) Ltd. and in 1960 he was 
appointed Chief Engineer. 

Claes Pfeiffer, who was born in 1928, 
was educated at the Royal Institute of 
Technology, Stockholm, and graduated 
as a metallurgist in 1953. After gradua- 
tion he joined Elektriska Svetsnings AB 
(ESAB), Gothenburg, as research metal- 
lurgist. In 1957 he became Chief Metal- 
lurgist, and in 1959 he joined AB 
Atomenergi (Atomic Energy Company), 
Stockholm, as research metallurgist, a 
position which he still occupies. 

Rowland Sydney Smith is an Experi- 
mental Officer in the Metallurgy De- 
partment of the National Gas Turbine 
Establishment. 

He was born in London in 1923. He 
obtained a Higher National Certificate 
in Electrical Engineering at Wimbledon 
Technical College in 1942, and then 
entered Government Service at the 
Royal Aircraft Establishment. In 1951 
he moved to the National Gas Turbine 
Establishment where, after a _ period 





D. J. N. Laurie 
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spent on the design of test equipment, he 
is now responsible for the high-tempera- 
ture creep, fatigue, and general mech- 
anical test facilities in the Metallurgy 
Department. 

W. E. Stanton was educated at Wed- 
nesbury in Staffordshire, where he 
studied Metallurgy at the County Tech- 
nical College. In his first appointment, 
with a Midlands foundry, he was en- 
gaged for two years on the production 
of precision metal patterns and proto- 
type castings. Seeking more fundamental 





knowledge, he joined the Patent Shaft 
Steel Works in the capacity of Chemical 
and Metallurgical Laboratory Assist- 
ant. Three years later, in 1934, he 
accepted the post of Chemist-Metallurg- 
ist to Messrs. J. B. & S. Lees, a Midlands 
firm engaged in the hot and cold rolling 
of steel strip. Finally, he joined the 
Technical Staff of Metallisation Limited 
in 1937, with whom he has since held 
various positions, including those of 
Chief Inspector, Development Engineer, 
Production Manager, and more recently 
Technical Manager. 


SCHOOL OF WELDING 
TECHNOLOGY 


Non-Destructive Weld Examination 

The feature of the School of Welding 
Technology's fourth course on this 
subject was a special exhibition of 
equipment available in this country. The 
exhibition was held in the Large Hall at 


C. Pfeiffer 





R. S. Smith 


the Surbiton Assembly Rooms, and 
enabled course members both to see the 
latest equipment and to discuss individ- 
ual problems with the manufacturers’ 
staff in attendance. 

Eight stands showed equipment for 
radiographic weld inspection, but for 
safety reasons it was obviously not per- 
mitted to give practical demonstrations. 
In the case of gamma-ray machines, 
containers for different radiographic 
sources were shown, with remote con- 
trol devices for panoramic exposures. 
There were several X-ray units, illus- 
trating all that is best in standards of 
mobility and control, and one firm 
showed the xero-radiograph of an 
aluminium weld: this consisted of a 
specially developed re-usable plate, 
viewed under indirect lighting. 

An unusual instrument which created 
much interest was a leak detector, de- 
signed to determine accurately the leak 
rate from a system. The instrument 
utilizes a tracer gas, and registers its 
presence by measuring the optical ab- 
sorption in the infra-red spectrum by 
means of a gas analyser. Among more 
well known methods of weld inspection, 
the magnetic crack detector was shown 
in operation by two or three companies, 
and a variety of dye penetrant, fluor- 
escent, and magnetic fluids were dem- 
onstrated. 

Ultrasonics was represented by three 
companies, and the great interest shown 
indicated the controversy that still exists 
over its application to weld testing. 
Sample welds were provided, enabling 
the traces on the cathode-ray tubes to be 
compared with radiographs. 

The demonstrations were preceded by 
a session in which representatives 
described the range of equipment their 
companies produced, and indicated any 
special features of that on display. In 
the audience were 50 metallurgists, 
managers, welding inspectors, and eng- 
ineers from 33 companies throughout 
the country, who earlier in the week had 
received lectures from leading experts on 
the physical principles of the main 
inspection methods and their detailed 
application to weld testing. 

Among the companies taking part in 
the exhibition, which was organized by 
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Exhibition of non-destructive testing equipment 


the School of Welding Technology, were: 

Associated Electrical Industries Ltd., 
Scientific Apparatus & X-ray De- 
partment. 

Brent Chemical Products Ltd. 

Gamma-Rays Ltd. 

The Infra Red Development Co. Ltd. 

Kodak Ltd. 

Manchester Oil Refinery (Sales) Ltd. 

Pantak Ltd. 

Pantatron Ltd. 

Research & Control Instruments Ltd. 

R.P.R. Patents Ltd. 

S. Smith & Sons (England) Ltd. 

Solus-Schall Ltd. 

Ultrasonoscope Co. (London) Ltd. 

Watson & Sons (Electro-Medical) 
Ltd. Industrial Division. 


BRANCH NEWS 


Brac 


At the meeting on 13th January a 
paper on “Designing for Brazing” was 
presented by Mr. N. H. Jones, Vice- 
Chairman of the Branch, and a Senior 
Engineer in the Joining Processes De- 
partment of the Joseph Lucas Group 
Research Centre. Among his activities 
is that of advising designers throughout 
the Lucas Organization on the use of 
brazing and other joining processes. 
This function was the basis of his lecture, 
presented to some 60 members and 
visitors. 

Mr. Jones opened by discussing the 
factors that all methods of brazing have 
in common and followed this by describ- 
ing the unique features of the various 
methods, ranging from torch to vacuum 
brazing. He emphasized the need for a 
designer to select the method for a 
particular application at an early stage 
in the design, so that the necessary 
features can be provided. Design fea- 
tures that aid inspection and simplify or 
eliminate jigging were described. 

The lecturer pointed out that most 
netals could be brazed, as anyone who 
vad attempted to use an ‘unbrazable’ 
naterial for a support jig would have 
ound out. 


He regretted that brazing processes 
were often selected to suit existing plant 
without regard for other work of a 
similar nature that was also being 
assembled by a second-rate method. The 
economy which could be effected by a 
change of process when all of the work 
was considered often compensated for 
the cost of new equipment. One of the 
many excellent slides used showed how 
an expensive machined component was 
redesigned to permit the furnace braz- 
ing of a number of simple pressed parts. 
In this particular instance, a further 
saving was effected in that small type 
changes could be incorporated in one 
part of the fabrication, the rest remain- 
ing standard. 

Finally, the lecturer described several 
interesting brazing applications which 
illustrated both the design of compli- 
cated components and development of 
new brazing techniques. One assembly 
which involved over 4,000 brazed joints 
was successfully brazed in spite of the 
fact that a technique had to be developed 
and a special furnace built at extremely 
short notice. 

As often happens, time limited what 
would otherwise have been an active 
discussion, but as Mr. Jones had already 
invited the audience to raise any points 
they cared to discuss during his lecture, 
the subject was adequately covered. 

In the absence of Mr. K. H. Purdey, 
the Branch Chairman, the speaker was 
introduced by Mr. W. D. Waller and the 
vote of thanks was proposed by Mr. G. 
C. W. Read. 


p East Midlands | Electroslag welding 


On Tuesday, 13th December, 1960, at 
the Welbeck Hotel, Nottingham, a 
paper was given by Mr. W. K. B. 
Marshall on “Electro-slag Welding”’. 

The lecturer opened by saying that 
the process was very novel. It originated 
10 years ago in the U.S.S.R. at the Paton 
Institute and only recently had it been 
introduced in the West. 

Many slides were shown of the 
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electro-slag machine and of very heavy 
plate being welded. 

Mr. Marshall made it very apparent 
that the electro-slag fully automatic 
process has many advantages over con- 
ventional methods of welding; produc- 
tion time can be rated in hours instead 
of days with less welding labour; the 
deposition rate is of the order of 40- 
50 Ib per hour per electrode with very 
high thermal efficiency, which allows 
outstanding economy in welding power 
consumption. 

The welds are made in the vertical 
position in a single pass and no slag 
removal or surplus flux recovery equip- 
ment is needed. Distortion difficulties, 
which occur with conventional processes, 
are eliminated because the slag welding 
technique provides homogeneous heat 
distribution throughout the depth of the 
weld. : 

By the use of electro-slag welding, 
medium heavy forgings can be joined to 
make a single unit where the price of a 
heavy forging would be prohibitively 
high. 

At the conclusion of the lecture many 
questions were asked on such matters as 
local normalizing of the welds, per- 
missible misalignment, impact qualities, 
and the weld grain structures. Mr. 
Marshall dealt with all the questions 
very thoroughly. 

Mr. H. Smales-Cresswell proposed 
the vote of thanks saying that Mr. 
Marshall’s lecture had been very educa- 
tional and he had given us much to 
think about for further uses of electro- 
slag welding. He felt that in the near 
future, we should be seeing this process 
in many new forms. 


H.S-C. 


The fourth meeting of the 1960-1 
session was held at 25 Charlotte Square, 
Edinburgh, on 18th January, when Mr. 
R. J. Wright, Director of the Lincoln 
Electric Co. Ltd., presented a paper on 
“Pipeline Welding’. The lecture was 
well attended by local members and 
friends, and quite a number from 
further afield. 

Our speaker commenced his talk from 
the historical aspect and informed us 
that pipelines transportation went back 
as long ago as 7,000 years when bamboo, 
clay, hollowed rock and sewn ox-hides 
were used. Later, in 1861, an oil pipe- 
line was made of wood; in 1865 one was 
made of cast iron; and then in 1910 came 
the steel pipeline. 

From this date onwards the oil 
industry has been responsible for the 
boosting of steel pipelines, and in 
America by 1930 hundreds of thousands 
of miles of pipeline were being used to 
carry refined products as well as oil. 

Mr. Wright explained how in the 
beginning the standard and efficiency of 
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the welding operators depended entirely 
on the welding engineer on the site. As 
time went on it became apparent that a 
definite standard had to be maintained 
and in about 1940 the A.S.M.E. code 
came into being. Subsequent amend- 
ments have been made and other codes 
have been formulated. 

The lecturer then described improved 
welding techniques and specifications, 
better electrodes and bigger projects, as 
well as methods of testing welds mech- 
anically and by non-destructive exam- 
ination. 

This talk was particularly interesting 
to the listeners, for at the present time 
Scotland’s Gas Supergrid pipeline is 
still going ahead; unfortunately a 
scheme for a pipeline between Glasgow 
and Edinburgh, for the carriage of oils 
and certain solids, has been shelved 
temporarily although in a few years time 
it will become a necessity. A consider- 
able number of technical points were 
mentioned by Mr. Wright in his lecture, 
which was followed by a lively discussion 
beneficial to all present. 2s 

A vote of thanks was extended to the 
speaker for his excellent lecture, which 
was heartily appreciated by all. 


On Wednesday, 4th January, 1961, 
members and visitors heard a lecture 


B.T. 


More pipelines 


entitled “Pipeline Welding”, given by Mr. . 


R. J. Wright, A.M.Inst.W., M.S.M.A. 

The speaker commenced by saying 
that it is well known that transportation 
costs are one of the major problems 
facing industry as a whole and this is 
particularly true in the petroleum, petro- 
chemical and gas-producing industries, 
where further development will be 
largely dependent upon the prices of 
their products when they reach the con- 
sumer. There can be no doubt that pipe- 
lines can mean lower transportation 
costs. 

Mr. Wright described in detail the 
early history of pipeline transport. The 
inventive Chinese are believed to have 
used bamboo pipes as much as 7,000 
years ago. In the Middle East a long- 
distance trans-desert pipeline made of 
sewn ox-hides, and designed to supply 
water to the armies of Cambyses, King 
of Persia, in his invasion of Egypt, was 
laid as long ago as 525 B.C. Probably 
the first oil pipeline was constructed in 
Pennsylvania in 1861; it was made of 
wood and was about 6 miles long. The 
first really successful pipeline, made of 
cast iron, was laid in 1865. When steel 
began to replace cast iron in 1910, there 
were 40,000 miles of pipeline in opera- 
tion in the U.S.A. 

In the United Kingdom the arc weld- 
ing of pipelines was somewhat slower in 
developing, due undoubtedly to the fact 
that most commodities adaptable for 
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transportation by pipeline could easily 
be moved by road tankers and that our 
major pipeline network, used for the 
transportation of coal gas, was con- 
structed of cast iron pipes. It was the 
great success of welding during the war 
of such projects as ‘Pluto’, coupled with 
the immediate post-war expansion of 
the British petroleum industries and Gas 
Board undertakings, that really brought 
about the progress of welded construc- 
tion in the United Kingdom to its 
present-day importance. 

The lecturer then dealt with the 
efficiency of the operator and the weld- 
ing engineer in the field, and it was said 
that the close co-operation between 
electrode manufacturers, the petroleum 
companies, gas boards and other large 
institutions has meant today there is no 
difficulty in obtaining highly skilled 
welders for pipeline work. Details were 
given of the training of welders in the 
correct techniques, such as overcoming 
one of the major problems in the weld- 
ing of a pipe joint, viz. pinholes in the 
root run, by the setting of correct root 
gaps and introducing the use of small 
gauge electrodes using a weaving tech- 
nique. Mr. Wright then went on to tell of 
the faster welding methods and the well 
established American procedure known 
as ‘stovepipe welding’. The name ‘stove- 
pipe’ is rather a misnomer for it has 
nothing to do with stove pipes; it is 
really a method of laying, that is, one 
pipe continually being added to the 
other, making each joint a positional 
weld. In practice, the welding procedure 
is to weld downward from 12 o’clock to 
6 o'clock, and reverse to the accepted 
method, which is to weld upward from 
6 o'clock to 12 o’clock. Welding data 
for typical pipe joints were given and 
illustrated by slides and diagrams. 

Finally, a first-class film was shown of 
the welding of a pipeline at the Atomic 
Research Station at Winfrith Heath, 
Dorset. Particularly good were the 
excellent underwater pictures of the line 
being laid on the sea bottom after 
welding. 


A.C.M, 
Practical CO, 
Welding 


At the meeting of the Branch on 25th 
January Mr. F. Collins was to have 
spoken on “Practical aspects of CO, 
welding”. In his place, and at very short 
notice, Mr. Arthur Smith of the British 
Welding Research Association stepped 
into the picture, to give a most excellent 
lecture on this subject. He supported his 
lecture with slides, and did full justice to 
the subject, dealing most ably with the 
many questions provided by the large 
gathering of members and visitors. The 
visitors came from manufacturers of this 
type of equipment, such as B.O.C., 
Lincoln Electric Co. Ltd., Murex, and 
Philips, from the user side Vauxhall 


Motors, Kelloggs, Wm. Press, A.P.V., 
Hawker Siddeley, N.P. Co.; from Pad- 
dington Technical College, and from 
Inspection bodies. A well earned vote of 
thanks was given by the Branch Repre- 
sentative for what proved to be a most 
instructive evening. 


Toltlasme A A314 a0) 


The Branch Annual Dinner held at 
the Grand Hotel, Bristol, on 9th 
December, 1960, was again well sup- 
ported by nearly 100 members and 
their guests. Mr. T. M. B. Sessions 
presided, the principal guests being 
Mr. I.E. King, C.B.,C.B.E., M.R.I.N.A., 
R.C.N.C., Director of Dockyards Ad- 
miralty, and Mr. J. Strong, M.A., Past 
President of the Institute. 

The Loyal Toast ““H.M. The Queen” 
was proposed by the Branch Chairman. 

In proposing the toast of “The Insti- 
tute of Welding”, Mr. King compared 
working conditions in the Dockyards 
as they were during his apprentice- 
ship in the First World War with those 
existing today, and thought that the 
much improved conditions were due 
mainly to the wide application of weld- 
ing in ship construction. Mr. King also 
paid tribute to Mr. A. J. Francis, 
President and founder member of the 
South Western Branch under whose 
guidance the Branch had prospered and 
its membership increased from 40 to 
250. 

Mr. Strong responded with an ex- 
hilarating and witty speech in which 
among other things he commended the 
activities of the Branch. 

Mr. Peter Gardiner, first Branch 
Chairman, then proposed the toast of 
“The Guests” and concluded his re- 
marks with mention of the useful 
investigations into the many varied 
aspects of welding being carried out by 
B.W.R.A. In response, Dr. R. Weck, 
Director of Research, B.W.R.A., 
thanked him for his kind remarks. 


R.B.W. 


Annual Dinner 


Gas shielded welding 


On Monday, 9th January, at Radiant 
House, Bristol, Mr. A. A. Smith of the 
B.W.R.A. presented his talk on “The 
Future of Gas Shielded Welding”’. 

Mr. Smith commenced with a brief 
description of the major advances made 
since the early days of bare wire welding 
and stressed the importance of the 
introduction of gas shielded welding. 
The highlights of the last ten years’ 
development in tungsten-arc and con- 
sumable-electrode welding were men- 
tioned. In tungsten-arc welding the 
importance of electrode polarity and the 
special techniques of a.c. welding were 
described. This was followed by mention 
of the special applications of tungsten- 
arc spot welding. In the field of tungsten 





























H.M.S. Dreadnought 


Over one million Murex electrodes of the “ Fortrex” type were used for the 
welding of the Dreadnought, Britain’s first nuclear submarine. These electrodes 
were specially developed in the Murex laboratories for the Admiralty and they 
were the only electrodes used for the manual arc welding on this great new 
submarine which is the largest ever to be built in Great Britain. The Dreadnought 
has been constructed for the Admiralty by Vickers-Armstrongs (Shipbuilders) 
Ltd., at Barrow-in-Furness, and she marks a new phase in the long and 
distinguished history of the Royal Navy. 
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Mobile VIA-VAC Machine clamping bulb-flat section 
to deck plating in a Clydeside shipyard. 




















VIA-VAC Clamping Equipment is in use in countries Mark II Lightweight Portable Model clamping 
throughout the world, including : stiffener to deckhouse plating before welding. 


Argentina, Australia, Great Britain, Greece, VIA-VAC Clamping Machines are designed to speed up the 


assembly of component parts for welded fabrications. They have 
Belgium, Canada, Holland, India, particular applications in the Engineering and Shipbuilding 

Industries, for clamping stiffening members, bulb flats, angles, 
Denmark, Germany, Spain, Sweden. tee-sections etc. to steel and aluminium plating. They are also 


ideal for the fairing of plates 
In some cases, savings as high as 80°, have been recorded on 
repetitive work with VIA-VAC Clamping Equipment 

The machines are designed for one man operation, and two 
standard models (A.C. or D.C.) are available for immediate 
delivery. Write for fully illustrated brochures 








RY. PICKERING & CO, LTD. 


L773 ee NETHERTON ROAD - WISHAW - LANARKSHIRE - SCOTLAND 
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Telephone: Wishaw 2142 
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arcs the major importance of the con- 
stricted arc was thoroughly discussed. 
The advantages of consumable-electrode 
welding were then considered in some 
detail with special reference to arc 
characteristics at low current and at very 
high current. Metal transfer studies at 
low current were described, together 
with the importance of wire diameters 
and fine wire guns. The constricted arc 
and its appearance in high-current weld- 
ing of aluminium, and theories con- 
cerned with this were described. The 
metal transfer characteristics of steel 
wires in CO, shielding were considered 
and the special requirements of power 
sources for short-circuit arcs were de- 
tailed. The jetting of constricted arcs at 
high currents was related to the volt- 
amp curve. 

The prospects for using all these new 
developments in the future were then 
considered by examining a number of 
slides depicting developments seen by 
the lecturer during his American tour. 
Each application was considered from 
the prospects this would hold for the 
future. The developments of these new 
arc processes would be valuable only if 
iutomation and mechanization were to 
ncrease, when the jig and tool develop- 
nents and transfer machines would have 
to be equally developed. The lecturer 
thought more fundamental work should 
be done on arcs so that the processes 
going on in an arc could be fully con- 
rolled. He hoped a controllable section 
plasma would prove a universal tool for 
cutting and welding. A high-speed cine- 
film was then shown of free flight 
naterial transferred at short circuiting 
ares in COs. 

In a lively discussion conducted in 
Mr. Smith’s inimitable down-to-earth 
style, he further elaborated on the 
constricted arc’ and dealt with such 
practical topics as a method of argon 
tungsten-arc welding thin aluminium 
condenser tubes into thick aluminium 
alloy end plates. In proposing a vote of 
thanks, heartily endorsed by those 
present, Mr. E. M. Wilson congratu- 
lated Mr. Smith on his fine lecture and 
also expressed appreciation to Mr. A. G. 
Brain of B.W.R.A. for kindly operating 
the cine projector and showing the 
siides under adverse conditions. 


E.M.W. 
Welding high- 
West of Scotland strength steels 


On 18th January a paper was pre- 
sented by Mr. L. H. Liston, on “*Weld- 
ing and Design in the Fabrication of High 
Strength Steels”. The author dealt with 
the three factors governing the extent to 
which high strength steels can be 
applied at present: 

(i) Design criteria as specified by 

present standard codes 

(ii) Fabrication difficulties 

(iii) Cost of the steel itself. 


NEWS AND ANNOUNCEMENTS 


A quenched and tempered steel was 
the best high strength weldable steel 
available, combining high yield and 
ultimate strengths with good notch 
ductility, and Mr. Liston used this steel 
as an example in describing circum- 
stances where a high strength steel was 
economically justified even without a 
change in design principle. The examples 
covered structures where much of the 
load was due to the steel itself (long- 
span road bridges); vessels subject to 
static loading, where the reduction in 
thickness achieved may eliminate the 
need for stress relief; and mobile appli- 
cations where the reduction in dead 
weight could pay dividends. It was con- 
sidered that the inherent toughness of 
the quenched and tempered steel was a 
valuable safeguard against the risk of 
brittle fractures where stress relieving 
was not possible, as in large structures. 

In fabrication, it was necessary te 
form plates cold, or at the tempering 
temperature, and slight preheating was 
desirable when gas cutting thicker plates. 
For welding, a balance had to be main- 
tained between enough heat to avoid 
weld cracking, but not so much as to 
cause overheating of the plate with 
consequent loss of notch ductility, or 
even of yield and ultimate strength in 
areas adjacent to the weld, but such 
control was practicable in manual weld- 
ing. Automatic welding could be em- 
ployed, but the heat input limitations 
generally rendered these methods more 
expensive than manual welding. 

An interesting discussion ensued, with 
much additional data being given in the 
author's replies, and the meeting closed 
with a vote of thanks to Mr. Liston. 

J.E.R. 


BRITISH WELDING RESEARCH 
ASSOCIATION 


Mr. R. P. Newman, A.M.I.Mech.E.., 
has been appointed Head of the Mem- 
bers’ Service Department of the Associ- 
ation in succession to Mr. P. H. R. 
Lane, who has been appointed Director 
of Research of the Drop Forging 
Research Association. 

Mr. T. R. Gurney, M.A., A.M.I1.C.E., 
will succeed Mr. Newman in charge of 
Fatigue Researches at Abington. 


INTERNATIONAL INSTITUTE 
OF WELDING 


Annual Meeting of 
Commission Chairmen 


Between the Liége (Belgium) Annual 
Assembly in June 1960, and the New 
York (U.S.A.) Annual Assembly in 
April 1961, the Annual Meeting of 
Commission Chairmen of the ITW was 
held in Paris on 26th November, 1960. 
Mr. A. Leroy (France), Scientific and 
Technical Secretary of the ITW, presided 
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at this Meeting, which was attended by 
Mr. W. Edstr6m (Sweden), President of 
the ITW. 


Co-ordination of the work of the Com- 
missions 

Discussion centred on a report pre- 
pared by the Scientific and Technical 
Secretary containing information neces- 
sary for the co-ordination of the work 
undertaken by the fifteen technical 
Commissions of the Institute and by 
their Sub-Commissions. In addition, 
special problems relating to the sym- 
bolization of filler products and to fun- 
damental research on arc physics were 
examined. 


Allecation of Work 


On the basis of a list of welding pro- 
cesses prepared by the Scientific and 
Technical Secretary, certain processes, 
not yet studied by IIW Commissions, 
were allocated to various Commissions, 
as follows: Thermit welding, percussion 
welding, soldering with an iron (Com- 
mission I “Gas welding and _ allied 
processes”); condenser-discharge arc 
welding (Commission III ‘Resistance 
welding”). It was also proposed, firstly, 
that firecracker welding, arc welding 
with continuous bare electrode wire 
(unshielded), and arc welding with con- 
tinuous covered electrode wire, pro- 
cesses which so far have fallen within the 
terms of reference of Commission XII 
“Special arc welding processes”, be 
included in the programme of Commis- 
sion II “Arc welding”, and secondly, to 
ask Commissions I and XII to make 
suggestions as to the distribution of 
work on arc cutting and plasma jet cut- 
ting, cutting processes in general having, 
since 1956, been allocated in principle to 
Commission I. 

The recommendations and proposals 
mentioned above will be transmitted by 
Chairmen to their respective Commis- 
sions for comment, with a view to final 
decisions being later taken by the Execu- 
tive and Governing Councils of the ITW. 

In the course of the discussion on the 
list of processes, the Chairman of Com- 
mission VI “Terminology” suggested 
the possible circulation, independently 
of the publication by the IIW of the 
sections of the ‘Multilingual Collection 
of Terms for Welding and Allied Pro- 
cesses”’, of lists of terms referring to new 
processes, drawn up with the collabora- 
tion of the Commissions concerned. 

The Scientific and Technical Secretary 
agreed to the proposal made by the 
representative of the Chairman of Com- 
mission VIII “Hygiene and Safety” that 
the list might be used in carrying out, in 
accordance with a precise plan, investi- 
gations on the problems of safety in 
connection with each process. 


Annual Assemblies 
Commissions I and XI “Pressure 
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vessels, boilers and pipelines”, having 
expressed the wish that colloquia similar 
to those held at Liége should be arrang- 
ed for future assemblies, it was stated 
that the organization of colloquia, pub- 
lic sessions and lectures at Annual 
Assemblies would be considered in 
conjunction with the delegations of the 
host countries. It is proposed to hold, 
at the 1962 Assembly, with the collabo- 
ration of Commission XI, and possibly 
Commissions II and III, some such 
meeting on the theme of welding high- 
pressure pipelines and/or penstocks. 

To enable members representing dis- 
tant countries to attend Sub-Commis- 
sion meetings which, until now, have 
only been held between Annual Assem- 
blies, and so that members of Commis- 
sions with a very large attendance may 
carry out a greater quantity of profitable 
work during Assemblies, Sub-Commis- 
sions will be authorized, in certain 
circumstances, to hold meetings on the 
occasion of, and preferably immediately 
after, Annual Assemblies.  . 

Recommendations have been made 
concerning the character and drafting of 
Commission resolutions and their pre- 
sentation to the Governing Council at 
Annual Assemblies. 

Information was given to Chairmen 
on the final programme for the next 
Annual Assembly in New York, in April 
1961, on the arrangements for the trans- 
port of European delegates by aircraft 
chartered by the IIW, and on the steps 


taken by the IIW Secretariats to ensure: 


that lists of Commission members 
attending the New York Assembly will 
be issued as soon as possible. Details 
were given of the thirteen papers to be 
presented by European members at the 
Annual Meeting of the American Weld- 
ing Society (AWS) which follows the 
IIW Assembly: these comprise the 
“Adams Lecture’, two “Educational 
Lectures” and ten papers to be present- 
ed at “Technical Sessions”. 

A proposal was made that, as well as 
the usual classification by country of 
literature shown at the exhibitions of 
publications at IIW Annual Assemblies, 
works on a given subject should be 
grouped together and that welding in- 
struction should be adopted as a possible 
theme for 1962; this proposal will be 
examined by Commission IV “Docu- 
mentation”, — 


General Items 


An amendment of the Constitution 
and Bye-Laws of the IIW, in connection 
with the terms of office of Commission 
Chairmen, was examined. 

Whether the names of those making a 
special contribution to a document re- 
commended for publication and drawn 
up by a Commission or Sub-Commis- 
sion should be mentioned in the docu- 
ment was left to the discretion of the 
Chairman of the Commission concerned. 

When Commission documents can 
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usefully be summarized, Commission 
Chairmen should ask the authors con- 
cerned for brief summaries, drafted in 
the two official languages of the IIW, 
English and French. 


CONFERENCES 
and EXHIBITIONS 


AWS Annual Convention 


The American Welding Society will 
hold its 42nd Annual Convention and 
Welding Exposition and will act as hosts 
to the International Institute of Welding, 
in New York, from 10th to 21st April, 
1961. 


Economics of pipelines 

An all-day Symposium entitled ““Econ- 
omics of Pipelines” will be held by the 
Pipeline Industries Guild on Tuesday, 
lith April, 1961, at Caxton Hall, 
Westminster. Three papers will be 
introduced. The meeting is open to all 
persons interested in the subject, and 
applications for tickets and the pre- 
printed papers should be made to the 
General Secretary, 7 Iddlesleigh House, 
Caxton Street, S.W.1. The inclusive fee 
will be £1 1s. Od. 


WELDING EXHIBITION 


The Engineering, Marine, Welding 
and Nuclear Energy Exhibition is once 
again to be held at Olympia, from 20th 
April to 4th May, 1961. 

For the second time, the Spring Meet- 
ing of the Institute has been arranged to 
coincide with the Exhibition, and the 
last afternoon, on Friday, 28th April, 
has been left free for members to visit 
Olympia. The official luncheon to 
Members of Council will also be given 
on that day. 

Although the application of welding 
to almost all forms of engineering con- 
struction will be evident throughout the 
Exhibition, the displays of the weld- 
ing equipment manufacturers will be 
grouped mostly in the Empire Hall as in 
previous years. 

Many items of equipment that will be 
on display, or demonstrated, have been 
described in this section of B.W.J.; but 
there will also be many new features 
that have not before been shown 
publicly. 

Visitors will find, as perhaps would be 
expected, that considerable attention 
has been given to the semi-automatic 
and fully automatic gas-shielded arc 
processes, particularly in relation to CO, 
shielding. New ideas and refinements ot 
existing equipment will show that still 
greater control over the welding vari- 
ables is being attained, so ensuring the 
sound quality of the final welds. This is 
particularly true in the resistance weld- 
ing field. 

No description of the items that are 
to be exhibited could equal the infor- 





mation that can be gained from a visit 
to the Exhibition and—more important 
—discussions with the representatives on 
the stands. But it is intended to review 
in subsequent issues of B.W.J. a selec- 
tion of the more interesting equipment 
exhibited. 


Structural processes in creep 


The Iron and Steel Institute and the 
Institute of Metals are holding a Joint 
Symposium on Structural Processes in 
Creep, as part of the Annual General 
Meeting of the ISI. The meeting will be 
held at the Hoare Memorial Hall, 
Church House, London, S.W.1, on 
3rd-4th May, 1961. 

The Institute’s Presidential Address 
will be delivered by Sir Charles Goodeve, 
O.B.E., F.R.S., on the morning of 3rd 
May. 


NEWS FROM INDUSTRY 


Drop Forging Research Association 

As mentioned under “‘News of Mem- 
bers” the Council of the Association 
has appointed Mr. P. H. R. Lane as 
first Director of Research. 

The offices of the Association are at 
Hoyle Street, Sheffield 3 (Tel.: Shef- 
field 28941). 


Mond Nickel 


The Mond Nickel Company Ltd., an 
affiliate of the International Nickel 
Company of Canada, Ltd., has changed 
its name to The International Nickel 
Company (Mond) Ltd. 

The change of name will serve to 
identify the Company more closely with 
the Canadian Company and the U.S.A. 
affiliate, and will indicate the inter- 
national nature of the Company’s 
activities. 


NEW PLANT AND EQUIPMENT 


Time indicator 


A series of compact, electro-chemical, 
elapsed time indicators have been intro- 
duced by industrial Instruments Ltd., 
for the recording of the total operation 
time of electrical equipment. 

These new indicators, known as the 
Selachron range, have been designed in 
forms suitable for either a.c. or d.c. 
operation and in sizes for use with 
voltages of from 6 to 300 volts. 


Portable blast cleaner 


A completely self-contained portable 
blast cleaning unit, no bigger than a 
small hand vacuum cleaner, is being 
- by Hodge Clemco Ltd., Shef 
field. 

Known as the Educto-o-Matic, it 
weighs only seven pounds and contain: 
its own vacuum pick-up and dus‘ 
extraction unit so that the only con 
nection required is to an airline whict 
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should be } in. internal dia, supplying 
33-60 cu.ft/min at a pressure of 90- 
100 Ib/sq.in. There are no electrical 
connections. 

The machine is small enough to fit 
through tank manholes and is suited for 
small jobs that can be cleaned without 
dismantling. The blast head can be 
swivelled for use at any angle. 

The abrasive is continuously recircu- 
lated so that there is very little wastage. 
A full charge of four pounds will norm- 
ally blast for 15 to 40 min, according to 
the skill of the operator. 


X-ray analysis 

A brochure, List 177/2, recently pub- 
lished by Cambridge Instrument Co. 
Ltd., gives a comprehensive description 
of the construction and operation of the 
Microscan X-ray analyser. This is an 
emission type of instrument, capable of 
providing a detailed analysis of small 
regions of about lp» dia. on sample 
surfaces. It also incorporates a deflec- 
tion system so that areas of abqut } mm 
square can be scanned. 

The equipment described is versatile 
yet simple to use. In addition to the 
X-ray microanalyser it includes a built- 
in optical microscope, and can give 
simultaneous electron and X-ray images 
for comparative purposes. 

Point-by-point microanalysis to an 
accuracy of +0-1 to +1:0% can be 
obtained with a resolution of Ip. 


Mild steel electrodes 


NuFive and NuSeven are two mild 
steel electrodes which were introduced 
at the end of last year by the Lincoln 
Electric Co. Ltd. 

The first is an all-positional cellulosic 
type of electrode to Class E.111 of 
BS.1719, and is particularly suitable for 
pipe welding. 

The second electrode is of the high 
deposition, iron-powder rutile type, 
E.917, and is suitable for general appli- 
cations. It gives about 30°, more weld 
deposit than standard E.317 types of 
electrode. 

Both electrodes have been approved 
by Lloyd's Register of Shipping and the 
Ministry of Transport for welding mild 
steel in all positions. 


Powder weld hard-facing 

At the Institute’s Spring meeting in 
Droitwich last year brief details were 
given (B.W.J., May, p. 322) of the 
technique of powder welding, by which 
cobalt-based Stellite alloys are sprayed 
in powder form and fused simultan- 
eously with the base material. 

A special ‘powder weld’ has now been 
developed by Deloro Stellite Ltd. in 
collaboration with the Schori Division 
of F. W. Berk & Co. Ltd., and the 
process will be publicly demonstrated 
for the first time at the Engineering, 
Marine, Welding and Nuclear Energy 
Exhibition. 








NEWS AND ANNOUNCEMENTS 


Multi-purpose torch 

A Harris-designed universal pressure 
torch is now in production at the Enfield 
Works of British Industrial Gases. It 
can weld, cut, heat, flame clean, gouge, 
and rivet wash using acetylene, propane, 
butane, hydrogen or town gas as the fuel 
supply, and at low, medium or high 
pressures. 

Like other torches designed by the 
Harris Calorific Organization, Model 43 
gives high fuel savings when operated 
on low-pressure, for the full cylinder 
contents can be used. The torch head 
can be swivelled so as to allow opera- 
tions to take place-in any position, and 
there is a wide range of flame ratings for 
each of the nozzles supplied. 


Lightweight cutting torch 


The Firefly ultra-lightweight BOC 
cutting torch, which was previewed at 
last year’s motor shows is now generally 
available. The torch weighs only 12 oz. 
but it can cut mild steel up to ? in. thick. 
Nozzles will at first be available only for 
use with acetylene but a range of pro- 
pane nozzles will later be introduced. 
The gases are fed through separate 
supply tubes to the nozzle, so that the 
risk of backfires is avoided. Trimming 
valves are mounted ahead of the hand 
grip for easy control. 


CORRECTION 
Computor Controlled Cutting 


In the note on the new BOC ‘Eagle’ 
computor-controlled gas cutting mach- 
ine (B.W.J., February, p. 72) it was 
erroneously stated that a second mach- 
ine was to be delivered to Harland & 
Wolff Ltd. This second machine, now 
almost complete, is to be installed at the 
Barrow-in-Furness yards of Vickers- 
Armstrong (Shipbuilders) Ltd. 

We apologise to the companies con- 
cerned for publishing this misleading 
information. 


Cover illustration 


The first machine, undergoing works 
acceptance trials at Edmonton, is shown 
in our front cover illustration. 


DIARY 


4th April—East Midlands— Annual Gen- 
eral Meeting and films (Nottingham) 
North London (Slough Section)— 
‘Electrical Characteristics of Welding 
Plant” by J. C. Needham (Lecture 
Room, Community Centre, Farnham 
Road, Slough, 7.30 p.m.) 


5th April—Manchester—Annual Gen- 
eral Meeting and film show (Reynolds 
Hall, College of Science and Tech- 
nology, Manchester, 7.15 p.m.) 


10th April—N.E. Tees-side—Annual 
Meeting and Chairman’s Address 
(Cleveland Scientific and Technical 
Institution, Corporation Road, Mid- 
dlesbrough, 7.30 p.m.) 


South London (Medway Section)— 
Annual General Meeting (Sun Hotel, 
Chatham, 7.30 p.m.) 

South Western — Annual General 
Meeting and films (Radiant House, 
Bristol, 7.15 p.m.) 


11th April—Liverpool—Annual General 
Meeting and films (Coilege of Tech- 
nology, Byrom St., 7.15 p.m.) 
Pipeline Industries Guild—All day 
Symposium on “Economics of Pipe- 
lines” (Caxton Hall, Westminster) 

11th-14th April—Battersea College of 


Technology—Vacation Course on 
Fracture of Metals (Metallurgy Dept.) 


11th-19th April—International Institute 
of Welding—Annual Assembly (New 
York City) 


12th April—East of Scotland—Annual 
General Meeting (25 Charlotte Square 
Edinburgh, 7.30 p.m.) 
South London—Technical Film Meet- 
ing, followed by Annual General 
Meeting (54 Princes Gate, S.W.7) 


13th April—N.E. Tyneside—*‘Computor 
controlled cutting” by R. Sillifant 
(Mining Institute, 7.0 p.m.) 
Southern Counties—Annual General 
Meeting and technical film (Technical 
College, Southampton) 
Eastern Counties—Annual General 
Meeting. 

14th April—Birmingham— Annual Gen- 
eral Meeting and~* ‘technical films 

. (Grand Hotel, Birmingham, 7.30 


* p.m.) 


Wolverhampton—16th Annual Dinner 
and Ladies’ Night (Wulfrun Hall) 


17th April — Wolverhampton — Annual 
General Meeting (Wulfrunians Club, 
7.30 p.m.) 


18th April — Leeds — Annual General 
Meeting (Hotel Metropole, Leeds, 
7.30 p.m.) 


19th April—West of Scotland—Annual 
General Meeting and film night 
(Institute of Engineers & Shipbuilders, 
Glasgow C.2, 7.0 p.m.) 

20th April-4th May—Eng. Marine, 
Weld. & Nuc. Eng. Ex. (Olympia) 

21st April—Liverpool—2Sth Annivers- 
ary of Foundation of Branch, Annual 
Dinner to entertain the Lecturers 
(Victoria Hotel, New Brighton, 6.30 
for 7.0 p.m.) 


24th-27th April—Inst. Physics and 
Phys. Soc.—Conference on “Mech- 
anics of Rupture’ (Southampton 
University) 

25th-28th April—Institute of Welding— 
Spring Meeting. “Recent Develop- 
ments in the Welding and Allied 
Processes” (54 Princes Gate, S.W.7) 

26th April — North London — Annual 
General Meeting (54 Princes Gate, 
S.W.7, 7.30 p.m.) 

27th April—London Branches—Joint 
Annual Dinner (Quaglino’s Restaur- 
ant, 7.0 for 7.30 p.m.) 




































Fine Wire Welding 
with the Quasi-Arc LYNX 
nd new ST.2 TORCH 


NEW GAS-SHIELDED 
BARE-WIRE EQUIPMENT FOR MILD STEEL* 
The revolutionary ST.2 arc welding torch is new, 
it’s sleek, efficient, and a pleasure to handle. The 
ST.2 is the production man's short cut to greater ~~» 
efficiency and lower welding costs. With this tool 
and the well-known LYNX wire feed equipment 
you can now weld mild steel semi-automatically:— 
e In any position—flat, inclined, vertical (up or 
down), and overhead. 


Down to 20 swg. sheet—and for thick plate as 
well. (Wide gaps can be tolerated.) 


Four times as fast—on thin sheet compared with 
other methods. 


Economically—high welding speeds—fine wire on 
large spools—inexpensive gas shielding— 
all add up to big cost reductions. 


With minimum distortion—and easily controlled 
penetration. 


Easily—using the featherweight torch, LYNX wire 
feed unit, and specially designed slope- 
controlled rectifier; with shielding by CO, 
or Argon gas mixtures. 


* ST.2 welding for stainless steels too, with Argonox 
shielding. For full details write for TC.207. 


io) THE BRITISH OXYGEN COMPANY LTD 
Quasi-Arc Works, Bilston, Staffordshire. Tel: Bilston 41191 




















CTARG 


WELDING TRANSFORMERS 
and ELECTRODES 


There’s a good deal behind that easy 
approval of the man on the job. 
For instance ACTARC assures:- 


The widest application know-how. 
Compact handy transformers. 
Dependable electrode quality. 

Laboratory advisory service. 
Quick delivery from large stocks. 
A full range, fully approved. 


ARG MANUFACTURING CO. LTD., Actarc Works, Nitshill, Glasgow, §.W.3. 


Telephone: BARRHEAD 2293, Telegrams: ACTIVARC, GLASGOW 





37 APRIL, 196 








196 


























Current 


WELDING LITERATURE 


























196 





Book Reviews 
Additions to the Institute Library 


Trade Publications 


CONTENTS OF PERIODICALS RECEIVED 


This section is intended to give a survey of the current 
welding literature received by the Institute of Welding 
Library. The contents lists are not exhaustive; only the 
main articles in welding journals are listed, and reprints 


from other journals and short notes are generally exclud- 


ed. In addition, welding articles from other periodicals 
are listed. Abstracts of welding literature are given in 
the Bibliographical Bulletin of Welding and Allied 
Processes, published by the International Institute of 
Welding, and details of this may be obtained from the 
Secretary of the Institute of Welding. 


Welding Journals 


African Oxygen (South Africa), 1960, vol. 5, December 
Purging gases the safe way (13) 


Quality light-gauge welding with short arc, V. J. D. Hill (19- 
25) 


Canadian Welder, 1960, vol. 51, October 
Welded rigid frame office building (8-10) 


Testing welding procedures and operators, A. S. Thomson 
(12-14) 


R.C.N. ships X-rayed (16) 
Extreme cleanliness standards maintained in fabricating stain- 
less steel liquid oxygen vessels (18-19) 


Canadian Welder, 1960, vol. 51, December 
North America’s first T-1 welded penstocks (8-9) 
Friction welding studied (10-11) 

Welded crane carrier chassis, E. Thibodeau (12-13) 
Welded ferry boats (16) 


(Philips) Welding News (Holland), 1960, No. 114, 
September 
Processing of 5° chromium-0-5°, molybdenum steel, C. 
Nederveen (3-7) 


Application of tubular girders in welding structures at Messrs. 
La Maquinista Terrestre Y Maritima, S.A., A. G. Canals 
and C. R. Rosello (8-14) 


Automatic welding, J. W. A. Stemerdink (15-16) 


Przeglad Spawalnictwa (Poland), 1961, vol. 13, Feb- 
ruary 


New trends in welding of modern high pressure steam boiler 
drums, S. Zaleski 
























































Technical and economic problems of hard surfacing blooming 
mill rolls, S. Dobke 


Evaluation of new methods of copper welding and possibilities 
of their application in Polish industry, J. Czech 


Packet oxygen cutting in the workshop, R. Malentowicz 


Influence of carbon on weldability of stainless chromium steels, 
J. Wegrzyn 


Thermit fusion welding procedure in rail joining on Polish 
railways, L. Nekanda-Trepka 


Schweissen und Schneiden (Germany), 1960, vol. 12, 
December 
Index numbers for oxy-fuel gas flames for welding, K. Teske 
(507-513) 


Manufacture and properties of atomized stabilized ferro-silicon 
45% Si, K. Feldmann and K. Frank (514-517) 


Tests on pipes with induction welded longitudinal seams, T. 
Furkel (517-525) 


Inductive longitudinal seam-welding of tubes, D. Kronauer 
and M. Thiele (525-530) 


Welded iive rings for swivelling cranes, A. Buchholz (530-532) 


Soudage et Techniques Connexes (Paris), 1960, vol. 14, 
November—December 
Main properties and weldability of titanium and its alloys, R. 
Develay (409-420) 
The welding of titanium and its alloys, R. Lachenaud (420-431) 
The welding of galvanized steels, M. Evrard (437-448) 


Pressure vessel brittle fracture and information required to 
design against it, A. A. Wells (449-454) 


The construction of the Commerce bridge in Liége, H. Louis 
(455-466) 


South African Institution of Welding Monthly Bulletin, 
1960, No. 89, December 
New techniques for measuring the hydrogen content of steels (2) 
Why preheat? (2-4) 


Welding and Metal Fabrication, 1961, vol. 29, January 


Oil storage tanks: a new approach to welding vertical seams, 
A. B. Fieldhouse (2-7) 


Nuclear fuel handling equipment. Production of welded charge 
face machinery for Berkeley, T. J. Palmer (8-21) 


Fusion welding of titanium and its alloys, W. G. Hull (24-31; 
36) 


Welding Engineer (U.S.A.), 1960, vol. 45, December 


Plasma flame cutting of mild steel seen as competitive with oxy- 
fuel process, H. C. Phelps (33-36) 
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YATES PLANT AT TRAWSFYNYDD 


Here are the fabrication and final assembly shops at Trawsfynydd Nuclear Power Station where twelve 
350-ton heat exchangers are being manufactured by International Combustion Ltd. for Atomic Power 
Constructions Ltd. Yates machines are used exclusively for vessel and welding head manipulation and 
include two complete travelling rotator sets for the final assembly, five double strake rotator sets and two 
“mammoth” columns and booms. Yates have also supplied turntables, pedestal supports and pipe stand 
positioners. 


PHOTO BY COURTESY OF INTERNATIONAL COMBUSTION LTD 
YATES PLANT LTD., BEDEWELL WORKS, HEBBURN ON TYNE, CO. DURHAM. Tel: JARROW 897124 
A member of the Baker Perkins Group 
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Mig, submerged-arc join wind tunnel parts, S. J. Buell (37) 


Welded nickel steel vessels withstand pressure, impact without 
stress relief (38; 40) 


Tig welded insert ring helps increase pipe quality, C. H. 
Voelker (46-47) 


Controlled angle Tig torch simplifies cabinet welding, F. M. 
Simms and J. V. Warinsky (50) 


Welding Fabrication and Design (Australia), 1960, vol. 


4, November 


Silver brazing, M. W. McKinley (7-13) 


Welding Journal (U.S.A.), 1961, vol. 40, January 
Vapour-shielded arc welding at 200 ipm, R. A. Wilson (13-17) 
Hard surfacing of blast furnace bells and hoppers is accom- 
plished with the submerged-arc process, using iron- and nickel- 
base alloys, F. J. Gaydos and N. Fragasse (18-24) 

Inert-gas spot welding in the aircraft and missile industry, 
R. L. Hackman (25-33) 

Principles of template preparation for the oxygen cutting 
process, L. M. Layden (34-40) 

Studies of hot cracking in high-strength weld metals, H. W. 
Mishler and others (1s—7s) 

Properties of plasma-sprayed materials, M. A. Levinstein and 
others (8s—13s) 

Electrode for spatter-free welding of steel in carbon-dioxide, 
E. Cushman (14s-21s) 

Are welding of a Ni—Cr-Fe (Inconel) alloy for nuclear power 
plants, J. Bland and W. A. Owczarski (22s-32s) 

Application of 2219 aluminium alloy to missile pressure- 
vessel fabrication, C. H. Crane and W. G. Smith (33s—40s) 
Brittle fracture characteristics of a reactor pressure-vessel 
steel, E. T. Wessel and W. H. Pryle (41s—48s) 


Welding Production (U.S.S.R.), 1960, No. 2, February 


(Trans. B.W.R.A., January 1961) 


The present state of welding engineering in the U.S.S.R. and the 
lines along which it should be developed, B. E. Paton (1-8) 
Investigation of the properties of metal deposited by certain 
heat-resisting electrodes, F. 1. Pashukanis and A. E. Runov 
(8-15) 

The nature of metal transfer when welding with coated elec- 
trodes (investigation by the method of probes), A. N. Bykov 
and A. A. Erokhin (15-19) 

A method of assessing quantitatively the liability of welded 
joints to cold cracking B. A. Kolodnaya (20-24) 

Stresses and strains as influenced by the welding of Duralumin 
DI6T, I. N. Artem’eva (25-30) 

Properties of underwater arcs, T. I. Avilov (30-33) 


Microstructures and strength of pressure welded joints in clad 
steels, E. 1. Astrov (33-39) 

Vibro-arc hardfacing under flux, V. V. Shliapin and others 
(39-43) 

New compositions of weldable chromium-nickel-niobium 
austenitic wire, Z. I. Kopelman-Serpukhova and others (43- 
47) 

Automatic welding of press-dies with powder wire in CO,, M. I. 
Razikov and E. I. Bobrov (47-50) 

Bath arc welding flanges with CO,, A. E. Akulov and V. V. 
Spitsyn (50-52) 

Improved mixtures for wear-resistant hardfacing, |. 1. Iskol’d- 
skii and S. L. Cherkinskaya (52-57) 

The electrical conductivity of welded joints in copper, L. E. 
Fedotov (57-60) 

A plant for automatically hardfacing rolling stock bogie 
thrust bearings, Yu. G. Chursin (61-62) 

The adhesive bonding of metals, G. Schwartz (64-70) 


Review of the general machine construction time norms for 
automatic, semi-automatic and manual arc welding, A. D. 
Gitlevich (71-75) 


Welding Research Abroad (U.S.A.), 1961, vol., 7 Jan- 
uary 


Brittle fracture of notched tensile specimens. Abstract of 
‘*Rupture fragile d’eprovettes entaillees sollicitees par traction”’ 
a r Dechaene and others. Translated by G. E. Claussen 
(92-95) 


Other Journals 


Recent and current developments in electric arc welding, W. A. 
Wrate (The Production Engineer, 1960, vol. 39, November, 
pp. 646-655) 


The tungsten carbide rotary cutter, J. D. Snow (The Production 
Engineer, 1960, vol. 39, November, pp. 656-666) 


Production of high strength bellows: methods of fabrication in 
Monel and stainless steel (Metal Industry, 1960, vol. 97, 
November 18, pp. 423-424) 


Welded cryogenic steel takes impact, pressure (Sree/ (U.S.A.), 
1960, vol. 147, November 7, pp. 108-109) 


Progress in welding steels . . . vapour-shielded arc means faster 
welding, R. A. Wilson (Metal Progress (U.S.A.), 1960, vol. 
78, October, pp. 96-99; 152; 154) 

Progress in magnesium alloys, J. V. Winkler (Metal Progress 
(U.S.A.), 1960, vol. 78, October, pp. 146-148; 158; 160) 
Materials and process applications in the automotive industry, 
M. F. Garwood (Metal Progress (U.S.A.), 1960, vol. 78, 
October, pp. 115-129) 

Progress in aluminium alloys (Metal Progress (U.S.A.), 1960, 
vol. 78, October, pp. 137-142) 

Welding processes, J. J. Chyle (Mechanical Engineering 
(U.S.A.), 1960, vol. 82, May, pp. 43-47) 

Welding in Russia (Metallurgia, vol. 62, November, pp. 181- 
182) 

Cranes help to make cranes at a new plant, J. A. Weller 
(Canadian Machinery and Metalworking, 1960, vol. 71, 
October, pp. 102-104) 


Tape control and spot welding combine to produce problem 
parts (Canadian Machinery and Metalworking, 1960, vol. 71, 
pp. 168-170) 


Longer wear life with right hardsurface rod (Canadian Mach- 
inery and Metalworking, 1960, vol. 71, October, pp. 170) 
Radiographic testing examines the depths, P. W. Sherwood 
(Canadian Machinery and Metalworking, 1960, vol. 71, 
October, pp. 172, 174) 

Quenched arc cutting of honeycomb materials (Machine Shop 
Magazine, 1960, vol. 21, November, pp. 684-686) 
Mechanized welding line for open-web steel joists (Machine 
Shop Magazine, 1960, vol. 21, December, pp. 734-738) 
Radioisotopes broaden field for non-destructive tests, R. 
Hamlin (ron Age (U.S.A.), 1960, vol. 186, December 1, 
pp. 127-129) 

Square butt welding costs less (/Jron Age (U.S.A.), 1960, vol. 
186, December 1, p. 139) 


Are welding equipment—Part 1, J. Latimer (New Zealand 
Engineering, 1960, vol. 15, October, pp. 378-380) 
Introduction to ultrasonic butt weld testing, A. C. Rankin 
(Pulse, October 1960, pp. 2-9) 

Lining steel tanks with plasticized P.V.C. (Electroplating and 
Metal Finishing, 1960, vol. 13, December, pp. 445-450) 
Quenched are process cuts honeycomb foil at high rate Mach- 
inery Lloyd, 1960, vol. 32, December 10, pp. 21-22) 

Foil feeding device for high-frequency welding machines 
(Werkstatt und Betrieb (Germany), 1960, vol. 93, November, 
p. 701) 

Simplified calculation of the fillet weld thickness at dead load, 
H. Gut (Werkstatt und Betrieb (Germany), 1960, vol. 93, 
November, pp. 723-727) 

Russian hard facing process (Commonwealth Engineer (Aus- 
tralia), 1960, vol. 48, October, p. 48) 

Welding dissimilar metals (Metal Industry, 1960, vol. 97, 
December 2, pp. 461-462) 
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Machine makes smooth cuts in honeycomb materials (/ron Age 
(U.S.A.), 1960, vol. 186, November 17, pp. 141-143) 
Tungsten-arc welding torch cuts light-gauge metals (/ron Age 
(U.S.A.), 1960, vol. 186, November 17, pp. 152-153) 

How to weld graphitic tool steel, C. A. Pfouts and C. F. 
Jatczak (Steel (U.S.A.), 1960, vol. 147, November 14, pp. 116- 
117) 

Welding in steel construction, R. Weck (Building with Steel, 
1960, vol. 1, No. 4, pp. 5-11) 

Castellated construction (Building with Steel, 1960, vol. 1, 
No. 4, pp. 26-31) 

Producing and testing bellows joints (Engineering, 1960, 
vol. 190, November 25, pp. 732-733) 

Stress-corrosion failure of austenitic stainless steel, A. B. 
Chatterjea and B. R. Nijhawan (N.M.L. Technical Journal 
(India), 1960, vol. 2, August, pp. 20-25) 


Design and construction of power station feed heaters, J. V. 
Bigg (Preceedings of the Institution of Mechanical Engineers, 
1960, vol. 174, No. 7, pp. 293-311) 


Modern aids in the design of railway bogies, A. W. Manser 
(Proceedings of the Institution of Mechanical Engineers, 1960, 
vol. 174, No. 8, pp. 363-367, Communications p. 368, 
Author’s reply p. 369) 


The strength of rails with particular reference to rail joints, 
S. Wise and others (Proceedings of the Institution of Mechan- 
ical Engineers, 1960, vol. 474, No. 9, pp. 371-407) 


Pressure vessels for gas-cooled graphite moderated reactors, 
M. J. Noone and R. F. Bishop (The Chartered Mechanical 
Engineer, 1960, vol. 7, December, pp. 516-517) 


Production procedures at the Beacon Works of John Thompson 
Motor Pressings Ltd. Part 3 (Sheet Metal Industries, 1960, 
vol. 37, December, pp. 870-885) 


Western shipbuilder bites into gas market, G. E. Mortimore 
(Canadian Machinery and Metalworking, 1960, vol. 71, 
November, pp. 67-69) 


The metalworking behind Canada’s first nuclear power station. 
Part 4, J. A. Weller (Canadian Machinery and Metalworking, 
1960, vol. 71, November, pp. 76-81) - 


This saw cuts pipe moving at 20 m.p.h., G. Coppa-Zuccari 
(Canadian Machinery and Metalworking, 1960, vol. 71, 
November, p. 83) 


Short-arc welding pinpoints the heat (Canadian Machinery and 
Metalworking, 1960, vol. 71, November, pp. 108, 110) 
Alberta hydro penstocks fabricated from Ti steel (Canadian 
Machinery and Metalworking, 1960, vol. 71, November, 
p. 112) 

Welded tubing passes test for hydraulic line uses (Jron Age 
(U.S.A.), 1960, vol. 186, November 10, p. 180-181) 

How to fabricate Rene 41, L. A. Weisenberg and R. J. 
Morris (Metal Progress (U.S.A.), 1960, vol. 78, November, 
pp. 70-74) 

Brazing Rene 41, G. S. Hoppin (Metal Progress (U.S.A.), 
1960, vol. 78, November, pp. 75-79) 

Refractory metals for air and space vehicles, R. H. Gassner 
(Metal Progress (U.S.A.), 1960, vol. 78, November, pp. 80-87) 
Progress with 25°, nickel steels for high strength applications 
(Metal Progress (U.S.A.), 1960, vol. 78, November, pp. 99- 
100) 

Brazing honeycomb (Aircraft Production, 1960, vol. 22, 
December, p. 452) 

Solderless terminals (Aircraft Production, 1960, vol. 22, 
December, pp. 464-467) 

Special fasteners for aluminium. Part 2, Bolt type fasteners, 
H. Hinxman (Metal Industry, 1960, vol. 97, December 16, 
pp. 495-497, 504) 

Thin tube plates for h.p. heat exchangers, D. E. Hartley 
(Nuclear Engineering, 1961, vol. 6, January, pp. 8-11) 
Rocket motor case material evaluation by pressure vessel 
testing, C. W. Haynes and P. J. Valdez (Aerospace Engineer- 
ing, 1960, vol. 19, December, pp. 30-36). 

Automatic ultrasonic testing of welds (SS News on Non- 
Destructive Testing, 1961, No. 19, January, pp. 12-15) 
Welded tubes gain new markets (/ron Age (U.S.A.), 1960, 
vol. 186, November 3, p. 47) 


Welders work with many arcs from a single power source (Jron 
Age (U.S.A.), 1960, vol. 186, November 24, pp. 96-97) 


How heat contours metals (Jron Age (U.S.A.), 1960, vol. 186, 
December 8, pp. 118-119) 


When weight creates a problem turn to chemical milling (Jron 
Age (U.S.A.), 1960, vol. 186, December 8, pp. 120-122) 
How to weld columbium alloys (/ron Age (U.S.A.), 1960, 
vol. 186, December 15, pp. 110-112) 


New controls spur spray brazing (Jron Age (U.S.A.), 1960, 
vol. 186, December 15, p. 118) 


Machine solders automatically (/ron Age (U.S.A.), 1960, 
vol. 186, December 22, p. 68) 


How friction welding joins bar stock and tubing, R. R. Irving 
(Iron Age (U.S.A.), 1960, vol. 186, December 29, pp. 47-49) 


On the study of restraint and residual stress due to welding on 
erecting butt joints of ship’s hull, M. Muto (Journal of the 
Society of Naval Architects of Japan, 1960, vol. 107, July, 
pp. 277-286) 

A proposal concerning the automatic submerged-arc welding 
procedures of assemblies for ships’ hulls, T. Yoshida (Journal 
of the Society of Naval Architects of Japan, 1960, vol. 107, 
July, pp. 293-302) 


How to choose the right shielding gas, I. D. Holster (Stee/ 
(U.S.A.), 1960, vol. 147, December 12, pp. 78-81) 
Continuous buttweld mill modernizes pipemaking (Sfee/ 
(U.S.A.), 1960, vol. 147, December 12, pp. 86-90) 


‘ Automation speeds brazed heating units; quality up (S/eel 


(U.S.A.), 1960, vol. 147, December 12, pp. 92-93) 


New jobs sought for brazing platens (Stee! (U.S.A.), 1960, 
vol. 147, December 19, pp. 106-107) 


Inspection is the key to welded tubing acceptance (Siee/ (U.S.A.) 
1960, vol. 147, December 19, pp. 110-111) 


Spiral pipe machine welds inside, outside seams (Stee/ (U.S.A), 
1960, vol. 147, December 26, p. 64) 

The inspection of primary circuits and reactor pressure vessels 
of nuclear power plant, H. N. Pemberton (Chartered Mechan- 
ical Engineer, 1961, vol. 8, January, pp. 4—12) 


Preparation of tags for soldering (Tin and its Uses, 1960, 
No. 50, pp. 10-12) 


Are welding equipment. Part 2, J. Latimer (New Zealand 
Engineering, 1960, vol. 15, November 15, pp. 421-424) 


ADDITIONS TO THE LIBRARY 
Books and Pamphlets 


A. G. Tuomas and P. J. H. Rata: Aluminium busbar. A com- 


prehensive handbook on the design, construction and in- 
stallation of aluminium and aluminium alloy busbar. London, 
Hutchinson Scientific and Technical for Northern Aluminium 
Company Limited, 1960 (Price: 21s.) 


IIW DOCUMENTS 
Issued for Publication 


The following documents have been issued by the IIW for 


publication, and may subsequently be published in the B.W.J. 
Single copies of the duplicated text may be obtained immediately 
for a small charge from the Scientific and Technical Secretariat 
of the IIW, 32. Bd. de la Chapelle, Paris 18e. 


IIS/IIW-67-61 (Commission Xill “Fatigue Testing”): ‘‘Frac- 


ture of a diesel engine connecting rod. 


IIS/ITW-68-61 (Commission XIII ‘Fatigue Testing”): ‘‘Frac- 


ture of a web of a crank-shaft repaired by welding.” 


11S/IIW-73-61 (ex doc. X-229-59) (Commission X “Residual 


Stresses and Stress Relieving’’): ‘‘Observations on the results 
of torsion relaxation tests carried out on four typical heat- 
resisting steels” by Dr. P. Brozzo (Italy) 
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‘QUICKY’ 


portable oxygen 
cutting machine 


The quicky machine may be 
seen in operation on 

Stand 3, Grand Avenue, 
Engineering, Marine Welding 
& Nuclear Energy Exhibition. 





Over 16,000 ‘QUICKY’ machines have already been sold 


The “‘Quicky”’ is precision built, ensuring constant speed and accuracy of cut. 

It weighs only 13 lb. The inexpensive two-piece nozzles give long service, and the cutter 
is fitted with a special non-backfiring injector. The cutter can be used with alternative 
fuel gases by simply changing the cutting nozzle. 

Profiles by hand guiding, straight cuts by use of guide rails, circle cutting with 


. 
special trammel—min. dia. 2} in. Price £54. May we demonstrate at your works. 


NESSER Industrial Engineering Limited 


43-45 Knights Hill * London * S.E.27 Telephone: GiPsy Hill 6111 








More Information ? Ask for a copy of ‘THE MESSER STORY’ 
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INTERNATIONAL 
~~ INSTITUTE OF WELDING 


HANDBOOK ON RADIOGRAPHIC APPARATUS AND TECHNIQUES 


The Institute of Welding announced the publication in January 1961 of the only edition in English 
of this book which has been compiled by Commission V of the International Institute of Welding. 
The book thus represents the views of leading experts throughout the world on this subject, it 
deals concisely and simply with apparatus and techniques for the radiographic inspection of welds 
and describes the precautions necessary to ensure the safety of operators. The book will be a full 
bound publication in blue, size 8}"x 5}” and will consist of 88 pages of text supported by illus- 


trations. 


_ 


Obtainable from: 


Dept. BWJ, 54 Princes Gate, London, S.W.7. 


Cheques payable to The Institute of Welding 


PUBLICATIONS 


Knightsbridge 8556 


Price 16/- including postage 
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Butterfields are equipped with WELD X-RAY 
PLANT, materials testing, metallurgical, 
chemical and microscopic examination 
laboratories for any required class of work. 








r | 








Our illustration shows 
Four-Recycle cyclones, fabricated from }” by 
+" 18/8/Mo Stainless Steel plate. 

Welds spot radiographed. 





W. P. BUTTERFIELD (Engineers) LTD. 
P.O.BOX38 . SHIPLEY . YORKS. Tel:52244 (8lines) 
BRANCHES: London Tel: HOLborn 2455 (4 lines) 
Birmingham Tel: EAS 0871 & 2241 Bristol Tel: 27905 
Liverpool Tel: CEN 0829 Glasgow Tel: CEN 7696 
Belfast Tel: 57419 & 51957 Dublin Tel: 73475 & 79745 





Butterfield craftsmen 
carry out welding 

with the most up-to-date 
equipment, and at all 
stages of fabrication it is 
supervised by experts 

to any of the 

recognised codes. 


WELDED 
STAINLESS STEEL 


PLANT by 


Butterfield 





Butterfields also 

carry out the welding of 
Aluminium 

Aluminium Bronze Alloy 
Nickel and Mild Steel 

as well as of Stainless Steel 


WELDING OF ALUMINIUM 


is by either the 
Argon Arc 
or Argonaut methods 
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ONEY 
AINTENANCE 


Mast SPRAYING 


cuT YOUR 


ss NG N MAINTENANCE COSTS 


FARE UN WENN 





BY USING THE PROCESS 






FOR—. 
by Bristol Metal Spraying & Welding =" ANTI CORROSION COATINGS 
SITE OR SHOP SPRAYING MACHINERY RECLAMATION 
AND SHOTBLASTING CAPACITY HARD FACINGS 
FOR ANY SIZE OF CONTRACT HEAT RESISTANT COATINGS 


RING OR WRITE 


BRISTOL METAL SPRAYING & WELDING CO. LTD. 


PAYNES SHIPYARD. BRISTOL. 3 TEL: 662206 (3 lines) 





The largest all welded Gasholder in Eu 
| 








In adding the Cycle Counter to the HED 
range of instrumentation, the same basic 
principle of using an air cored Toroid or 
Search Coil has been applied. As no direct 


connections to the welding machine are 
necessary, many machines may be tested, 
in rapid progression, without being shut 
down, in order to connect the Cycle 
Counter. 


e 
introduce 

Phase shifted wave forms can be counted 
a fu rther without any readjustment to the instru- 


ment. 


The HED Current Meter and 


advance in the Cycle Counter, using the same 


Toroid or Search Coil, have been 
combined into one case to assist 


instrumentation the Welding Engineer in the 


rapid and accurate setting up of 
machines. 


of resistance TT 
welding... COMBINED CYCLE COUNTER & CURRENT METER 


Further details availabie on request. | 
STAND No. 3 ROW x 
H 4 R s T € L E Cc T R °o N i c L T D . Empire Hall, Engineering, Marine 


GATWICK ROAD, CRAWLEY, SUSSEX. CRAwley 2572/-2-3 ‘Tie SC ae 
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In your Works... 


A Copley Mobile Laboratory is on call at almost any hour of 


COPLEY METAL TESTING LTD. the day to undertake tests in your works. It is worth 
MOBILE X-RAY LABORATORY finding out how we replace guesswork with certainty. 


ay: A consultation puts you under no obligation whatsoever. 
ps > é A Write, call or telephone today. 


On the Site... 


This mobile laboratory is completely equipped for the most exacting tests 
: We can test your work wherever one of our mobile units 


fe Welding Supervision can penetrate. Distance is on apa—eur staff whe a pride 
in making even the most difficult assignment on time. 
. X-ray and Gamma Ray Mobility plus service—that’s Copley. 


@ Ultrasonic Flaw Detection 
@ Leak Detection by Radioactive Isotopes 
@ Magnetic and Penetrant Dyes 
@ Marine Thickness Measurement 


COPLEY METAL TESTING LIMITED 


WHITE STREET - NEWCASTLE UPON TYNE 6. 
Telephone: Newcastle 624214 & 655885 








HEAVY 
“WELDINGS’ 


We undertake the 
fabrication of frames 
and casings for heavy 
machines, welded from 
platework and sections 
of our own manufacture. 





The illustration shows 
the end housings for a 
flattening machine with 
capacity for 20” x |}” plates. 


ip) .DORMAN LONG 


DORMAN LONG (Stee!) LTD., WELDING DEPARTMENT, REDCAR, YORKS. 


rd 
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BRAUER ‘Quick-Action’ TOGGLE CLAMPS 


for the Electronics Industry can be made in 
special Non-Ferrous Non-Magnetic materials. 
Wherever used, BRAUER TOGGLE CLAMPS 
save thousands of man hours with their fast, 
powerful and accurate holding. 


BRAZING 
The illustration shows a 
BRAUER ‘Quick-Action’ 
TOGGLE CLAMP Type 
TC.62 being used to meet the re- 
quirements of efficient induction 
brazing — quick positive clamp- 
ing and instant releasing — at 
Radio Heaters Ltd., Wokingham. 
This brazing fixture incorporating a BRAUER Clamp has 
achieved considerable saving of time and money in the pro- 
duction of meter cases (see inset photograph). 


Send now for illustrated catalogue and 
technical data to Dept. 28. 


F. BRAUER LTD., HARPENDEN, HERTS. 
Member of the Cope Allman Group 











Makers of Europe’s largest range of Toggle Clamps 
Fws 
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COURTBURN 


SUPPLIES timiTéedD 











for continuous welding 


New ‘‘Air Cooled” Electrode Holder 


Specially designed and developed to combat heat gen- 
erated during welding operations at high duty cycles, 
the Courtburn “Special” 600 amp electrode holder is 
the most advanced holder of its type available. 

With the cable and lead passing through the handle 
and separated from it by means of two circular distance 
pieces made from heat resistant material, the intense 
heat generated by the current passing through the cable 
is dissipated by the insulating barrier of air circulating 
around it. This enables the operator to maintain con- 
tinuous welding without suffering discomfort. 

The “Special” provides greater efficiency plus 


ae Price £3 15s. Od. 
It pays to buy Courtburn Quality. 
COURTBURN SUPPLIES LTD 


Stanley Works, Kempston Hardwick, Bedford 
Tel.: KEMpston 2341 





















You never see a prima donna 
pair of Bennett’s gloves 





LZ 
$] 
LS 
— a ; A wide range of quality 
\4 th E f . . “ 
ae; industrial Gloves, Mitts, 
. a 4 


et ~ Aprons, and Clothing in 
E >) | leather, rubber, asbes- 


tos, plastic and various 





as eo, fabric materials are 
tao) made and stocked for 

5 eX NN) 7 
2 te aes all trades and pro 
. |S cesses. Technical 


Representatives are 
available for consulta- 


~ \ —,. tion in all parts of the 
| “ 


i British Isles at short 
con a A notice 
Nate lee he 


— but operatives 
sing their praises! 


BENNETT’S 


INDUSTRIAL GLOVES 


H. G. BENNETT & CO. (Gloves) LTD. 

Industrial Glove Specialists 

LIVERPOOL 23 - GREat Crosby 3996/7 
evs-17 (C) 
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CLASSIFIED ADVERTISEMENTS 


FOR SALE AND HIRE 





Complete range, 
30-600 amps 


DIESEL 
WELDING PLANT 


WELDING 
INDUSTRIES L® 


Blackswarth Road, Bristol 5. Phone 58408 











BRAND NEW OIL-IMMERSED 
OXFORD ARC WELDING 
TRANSFORMERS WILL GIVE 
YOU A LIFETIME OF SERVICE 


Fully guaranteed sets—110 amp £27, 180 
amp £48, 250 amp £75, 300 amp £89 10s., 
350 amp £105, 450 amp £138 10s. etc. 
Also two-operator 180, 250, 300 and 350 
amp models ex stock from £110. Will 
parallel for double output. 
Combined welding and aes sets also 
available at £29 10s 
Send for leaflets and booklet from Britain’s 
largest electric welding plant stockist. 


Cc. G. & W. YOUNG, 
1SA COLNE ROAD, TWICKENHAM, 
POP. 5168 








18 ft. « din. 
RHODES PRESS BRAKE 


for sale (or 10 ft. x & in.) 150 tons capa- 
city. Motorised 400350. Friction 
clutch. Motor adjustment to ram. 90 
forming tool, 10 ft. 2 in. long, and 
bottom die with 1} in. and 14 in. open- 
ings. Bed and top beam solid steel, 
18 ft. 1 in. long. Between uprights 10 ft. 
2 in. Stroke 5 in. Die space 12 in. Weight 
about 20 tons. 


F. J. EDWARDS LIMITED 


359 Euston Road, London, N.W.1. or 
41 Water Street, Birmingham 3. 
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cleans 
STAINLESS STEEL WELDS 


efficiently, safely, economically 


TRIAL SIZE BOTTLE 6/6 post free 


NORTH HILL PLASTICS LIMITED 
Manley Court, London N.16. STA 3773 











“PELS” GEARED UNIVERSAL PUN- 
CHING, SHEARING & SECTION CROP- 
PING MACHINE for sale. Type 30 
B.L.U.E.F.G. Arranged for motor drive 
400/3/50. Punches up to 1%” diameter 
through | 4” thick. Depth of shear gap 30”. 
Depth of punch gap 30”. Length of blades 
16”. Shears plates up to | 44”, flat bars 4}” 

1 &”. Crops rounds, squares, angles, tees, 
joists in proportion. Weight about 10 tons. 
Photo etc. F. J. Edwards Limited, 359 
Euston Road, London, N.W.1, or 41 Water 
Street, Birmingham. 3. 
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“ENGLISH ELECTRIC’ 


offer from 


STOCK 


LWAD 300, 450 & 600 sets 
giving either AC or DC output, 
LWD 350 DC rectifier sets, 

LWC 200, 300, 450 & 600 

single-operator sets, 

LWC 2/300 double-operator sets, 
and a full range of 
MULTI-OPERATOR EQUIPMENT 
In-built power factor correction 
capacitors available. 

Hire of equipment can also be arranged. 


The ENGLISH ELECTRIC Company Ltp. 
Welding Equipment Department 
East Lancashire Read, Liverpool, 10 
Telephone: AUNtree 3641 
W.A.24 








12 ft. x in. 

BENNIE FOLDING MACHINE 
for sale. Motor driven. Swing Beam 
Universal Folding, Rounding and Box 
Forming type. Max. lift top beam 184”. 
Adjustment to bed and folding beam 8”. 
Smallest trunk formed over beam 
18” 18". Largest tube formed 16” 
diameter. Gearbox drive with reversing 
friction clutches, operating all beams. 
Weight about 14 tons. Illustration etc. 

F. J. EDWARDS LIMITED 
359 Euston Road, London, N.W.1. 
Euston 5000 
or 41 Water Street, Birmingham, 3. 
Central 7606 














MOORE’S PLANT LTD. 
105-129, MARKFIELD ROAD TOTTENHAM LONDON W.15 





RING TOTTENHAM 040! 
dm M0107// 


“RHODES” PRESS BRAKE model 1036, 
for sale. Capacity 10’ 6” x #” thick. Pres- 
sure 150 tons. Stroke 3”. Distance between 
housings 8’ 6”. Arranged motor drive 
400/440/3/50. Bed and top beam of rolled 
steel sections. F. J. Edwards Limited, 359 
Euston Road, London, N.W.1, or 41 Water 
Street, Birmingham 3. 


“CRAIG & DONALD” DEEP GAP 
GUILLOTINE for sale. Capacity 14 ft. » 

4 in. Gap 124 in. Automatic hold-down and 
gauges. Treadle clutch. Weight approxi- 
mately 11 tons. Motor drive 440/3/50. 
F. J. Edwards Limited, 359 Euston Road, 
London, N.W.1, or 41 Water Street, Bir- 
mingham, 3. 


“MUREX” STATIC TRANSFORMER 
ELECTRIC ARC WELDING PLANT for 
sale. 16 kVA. For two operators. On four- 
wheel truck 200/440 volts single phase. 
Range 80 volts 30/205 amps; 100 volts 
35/210 amps. F. J. Edwards Limited, 359 
Euston Road, London, N.W.1, or 41 Water 
Street, Birmingham 3. 





WELDING 
EQUIPMENT J seo > 
ot pong 
IMMEDIATE | 
HIRE 


WELDING RODS LTD. 
Brightside House, Sheffield 9 
Telephone : 42494 Grams: “‘Weldrod’’ 


Engine driven D/C 
generators up to 600 


Delivery and 
collection arranged. 














“PELS” PUNCHING & BAR CROP- 
PING MACHINE for sale. Steel plate 
frame. Punches 1” diameter through 3?” 
plate. Depth of punch gap 20’. Crops 
round bars up to 1}” diameter; flat bars 
up to 5” x 1”. Hand or treadle stop motion. 
Arranged motor drive 400/440/3/50. Weight 
about 5 tons. F. J. Edwards Limited, 359 
Euston Road, London, N.W.1. or 41 Water 
Street, Birmingham.3. 





For 


SPOT WELDING 
ELECTRODES 


contact 
WYLDE GREEN 
Engineering Co. Ltd. 
146 BIRMINGHAM ROAD 
SUTTON COLDFIELD 


Phone: SUT 1681 P.B.X. 


who have been on the job for 
nearly 20 years. Good deliveries. 
First-class work. Reasonable 
prices. 





Agents for ‘“MALLORY”’ 
Resistance Weld. Products 








WANTED 


Copies of the British Welding Journal, 
February, July and October 1960. 5/- 
each will be paid for copies of these 
issues in good clean condition. 

The Secretary, Institute of Welding, 54 
Princes Gate, Exhibition Road, S.W.7. 











The following books may be purchased from the 
Institute of Welding. 
Handbook for Welding Design—Vol. 1 

45s each plus 1/6 postage 
Index to ‘‘Transactions” and ‘‘Welding Research” 
(1939-1953) 25s each plus 1/- postage 
Control of Welding Distortion 

5/- including postage 

The Use and Welding of Aluminium in Shipbuildi 

15/- each plus 1/6 postage 
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CLASSIFIED ADVERTISEMENTS 








Senior Welding Engineer 


The Production Engineering Department of Standard Telephones and Cables Limited 
has an important vacancy for a Senior Welding Engineer capable of directing the 
activities of Planning Engineers and Production personnel in the introduction of 


modern welding techniques. 


A wide knowledge of all aspects of welding allied to proficiency in workshop control 
by documentation is called for, and whilst preference will be given to an engineering 


or metallurgical graduate, experience will count for more than technical qualifications. 


He will be expected to advise on machines and jig and tool design and also be able 


to impart knowledge for the training of personnel. 


Write in confidence to the 


Personnel Manager, Oakleigh Road, New Southgate, N.11. 





FLINTSHIRE TECHNICAL COLLEGE 
in co-operation with 
THE INSTITUTE OF WELDING 


A week-end Course on 


THE METALLURGICAL 


ASPECTS OF WELDING 


will be held at the 
Flintshire Technical College, 
Connah’s Quay, Nr. Chester 
from 5.0 p.m. Friday to 2.0 p.m. 
Sunday — 14th to 16th April 


Subjects include: 
General Introduction and Fundamental 
Metallurgical Considerations. 

The Effects of Gases. 
Metallurgical Factors in the Welding 
of Steels, Aluminium and other Non- 

Ferrous Metals. 
Metallurgical Considerations in 
relation to Design and Duty. 


Course Fee (including meals at College) 
£5.5s.0d. 


- Hostel available 


Further particulars may be obtained 
from the Registrar, Flintshire Technical 
College, Connah’s Quay, Nr. Chester. 


B. HAYDN WILLIAMS, 
Director of Education 

















SERVICES OFFERED 


FACTORY TIME RECORDERS. Rental 
service. Phone: Hop 2239. Time Recorder 
Supply and Maintenance Co. Ltd., 157- 
159 Borough High Street, London S.E.1. 





AGENTS 


wanted by Belgian manufacturer of 
special electrodes for arc welding. 
Technical experience, good intro- 
ductions in industry and by distrib- 
utors or a GENERAL AGENT with 
large sales organization. 


Please write details to Box No. 258. 











JUNIOR METALLURGIST required, 
20/25 years, H.N.C., L.I.M., A.I.M., DIP. 
TECH. or B.Sc. (preferably with Ferrous 
Bias). Apply Personnel Manager, DELANEY 
GALLAY LTD., Vulcan Works, Edgware 
Road, Cricklewood N.W.2. GLA.2201. 





Important 
Continental Suppliers of 
Equipment for Welding 


in Argon, Carbon Dioxide and 

with Submerged Arc seek special- 

ised British firm for the sale of 

this equipment in the United 

Kingdom and technical assistance 
to Clients. 


Box No.257 











“MONTMARTRE 
IN MAYFAIR” 


DO YOU KNOW... 


WHERE you can Dine, Dance and Drink at Pub prices until 
the early hours? 


WHERE you can shuffle or listen to BARRY MORGAN’S 


Trio? 


WHERE you can hear DANNY WESLEY’S Trio AND 


enjoy an entertaining cabaret? 
A NIGHT CLUB you can afford? 
A NIGHT CLUB with no hostesses? 


If you cannot say ‘YES’ to all these questions 
then come along to THE BLUE ANGEL at 
14 Berkeley Street, Mayfair 


Special membership arrangements available to readers of the 
British Welding Journal 
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‘ARC EYES’ 


and industrial eye fatigue 


‘Arc eyes’ can arise 
through a moment's carelessness. 


It can readily be relieved, 
as a safe pre-medical 
treatment, by application of 
Optrex in the special eye syringe 
which allows self-administration. 
Moments of carelessness, in turn, 
are often due to eye fatigue 
arising from over-concentration, 
harsh or dim lighting, 
dust- and fume-laden atmospheres. 
Encourage the regular, 
precautionary use of Optrex by 
all workers who may need it 
(especially spectacle-wearers 
and the middle-aged). 
OPTREX 
Eye Lotion 
Mildly astringent, antiseptic, 
isotonic with eye fluids; 


sterile and particle-free. 
Dispenser's bottle, 7/6d. 







OPTREX 

Eye Syringe 

Ensures copious irrigation 

with air at xt and permits 
\\ self-ad istration. Withstand 











HEALTH and 
SAFETY in 
WELDING 


A special course for Industrial medical 


Officers will be organised in the Autumn 
by the 


SCHOOL OF WELDING 
TECHNOLOGY 


54 Princes Gate, 
Exhibition Road, 
London, S.W.7. 


Tel: Knightsbridge 
8556/7/8 














repeated sterilisation. 15/-. 


the ¢ eye lotion 


yamelele). tical 
(OTehigcs am mie 
Perivale Middx. 
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PHILIPS 
CO, WELDING 
CAN CUT COSTS 


BY 50% 
Study these advantages 


@ Investigations show that in many applications Philips CO, 
Welding can cut costs by up to 50% 


@ Higher deposition rates 

e Continuous wire feed—no stopping to change electrodes 
@ No de-scaling on multiple runs 

e@ Reduced operator fatigue 

@ Light, well-balanced gun 


@ Equally efficient on production runs or single 
maintenance jobs. 


Soedistrbuiorsinux.REQEARGH & CONTROL INSTRUMENTS LTD 


207 King’s Cross Road, London W.C.1. Telephone: TERminus 2877 


Try it yourself 


x ON STAND T2 
H GRAND AVENUE - OLYMPIA 
APRIL 20th— MAY 4th 


~ 
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FIREFLY | lightweight 


hand- 
cutting 


blowpipe 


a Weighs only 12 02. 


oe Cuts up to } in. steel 


a Nozzle mizing 








ae Extra resistant to backfire 


The ‘Firefly’, the perfect partner 
to the ‘Saffire Lightweight’ 
welding blowpipe, is a light and 
compact hand cutter, ideal for 
repair work and delicate cutting 
of light sheet steel. 


THE BRITISH OXYGEN COMPANY LTD 











LIGHT INDUSTRIAL DEPARTMENT, SPENCER HOUSE 
27 ST. JAMES’S PLACE, LONDON S.W.1 


© 


Outside back cover 








